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PREFACE 

The forthcoming launch o f  t he  Hubble Space Telescope (HST), together  w i t h  
p lans t o  i n i t i a t e  development o f  t he  Advanced X-Ray Ast rophys ics F a c i l i t y  
(AXAF) and the  Space I n f r a r e d  Telescope F a c i l i t y  (SIRTF), he ra ld  an era  
o f  increased importance and c o s t  f o r  long-term, mu l t i -observa tory  operat ions.  
These cons idera t ions  l e d  the  Astrophysics Program O f f i c e  a t  NASA Headquarters 
t o  request a rev iew o f  t he  op t ions  and o p p o r t u n i t i e s  a v a i l a b l e  f o r  f u t u r e  
Ast rophys ics miss ion operat ions.  

This  r e p o r t  on Ast rophys ics Data Operations, comnissioned through t h e  Goddard 
Space F l i g h t  Center, r e f l e c t s  t h e  views o f  a g rea t  many informed 
p a r t i c i p a n t s ,  i n c l u d i n g  NASA and non-NASA personnel experienced i n  t h e  
opera t ion  o f .pas t  and c u r r e n t  missions, members o f  t h e  AXAF and SIRTF p r o j e c t  
teams, and non-NASA s c i e n t i s t s  w i t h  an i n t e r e s t  i n  t h i s  impor tan t  area. 
The s tudy thus prov ided an except ional  o p p o r t u n i t y  t o  u n i t e  s c i e n t i f i c  
ob jec t ives ,  t echn ica l  requirements, management needs, and f i s c a l  and 
p o l i t i c a l  c o n s t r a i n t s  i n t o  a cohesive s e t  o f  recomnendations t h a t  r e f l e c t  
bo th  d i r e c t  experience w i t h  pas t  programs and a s t rong comnitment t o  f u t u r e  
ones. 

The r e p o r t  con ta ins  a number o f  conclusions, suggestions, and recomnendations 
t h a t  are bes t  in t roduced i n  the  f o l l o w i n g  contexts :  

(1) Precedents f o r  long-term NASA miss ion operat ions;  

(2 )  Unique aspects o f  HST performance and operat ions;  

( 3 )  

( 4 )  

Importance o f  understanding HST d r i v e r s  o f  complex i ty  and cost;  

Centra l  r o l e  o f  Miss ion Operations and Data Ana lys is  (MO&DA) i n  f u t u r e  
missions; and 

(5 )  Need f o r  immediate AXAF and SIRTF program decis ions.  

(1) F i r s t  o f  a l l ,  there  are  impor tan t  precedents f o r  t he  extended 
opera t ion  o f  NASA space missions. It i s  o f t e n  sa id  t h a t  HST and the  o t h e r  
"Great Observator ies" w i l l  be t h e  f i r s t  long-term space-astronomy missions, 
and indeed HST i s  t h e  f i r s t  t o  be planned f o r  extended opera t ion  w i t h  Space 
S h u t t l e  se rv i c ing .  I n  f a c t ,  however, NASA has been suppor t ing  long-term 
miss ion operat ions f o r  a t  l e a s t  a decade. Examples i nc lude  t h e  O r b i t i n g  
Astronomical Observatory (OAO), t h e  I n t e r n a t i o n a l  U1 t r a v i o l e t  Exp lo rer  
( IUE) ,  t he  So lar  Maximum Mission (SMM), t h e  Atmospheric Exp lo rer  (AE), 
t he  I n t e r n a t i o n a l  Sun-Earth Explorers  ( ISEE),  t he  Dynamics Exp lorer  (DE), 
and the  Pioneer and Voyager missions. It i s  t r u e  t h a t  none o f  these were 
funded and developed as long-term p r o j e c t s .  To t h e  cont ra ry ;  many were 
repeated ly  threatened w i t h  cance l l a t i on .  The f a c t  t h a t  they  were cont inued 
i s  a t r i b u t e  t o  the  s c i e n t i f i c  and techn ica l  c r e a t i v i t y  o f  those invo lved 
w i t h  these programs and t o  the  comnitment o f  NASA and t h e  government 
genera l l y  t o  cont inued support  o f  p roduc t ive  research s a t e l l i t e s .  Moreover, 
t h e  long-term success o f  NASA p r o j e c t s  i n  o the r  program areas shows t h a t  
t h e  growing cos t  o f  t h e  operat ions phase i s  more than s imp ly  an Ast rophys ics 



Division concern. We have moved into an era in which a broad NASA commitment 
to continuing mission operations will play a vital and integral role in 
the national research and development program as a whole. 

(2) On the other hand, the HST project is itself unique and 
unprecedented in several respects. No other Astrophysics mission begins 
to approach HST in the range of technical capabilities to be provided or 
in the complexity of its operation. Furthermore, no other mission has 
carried such high expectations of operational performance, particularly 
in the provision of extensive data-handling capabilities from the moment 
of launch onwards. These comparisons apply not only to past missions but 
also to future projects such as AXAF and SIRTF. It is therefore irrelevant 
and misleading to compare the projected costs of AXAF and SIRTF with those 
of HST, since such a cost comparison is certain to show an illusory "cost 
savings." The projected costs of AXAF and SIRTF should be evaluated 
independently. There remain numbers of opportunities to make significant 
AXAF and SIRTF cost tradeoffs and management decisions to ensure that 
scientific productivity is high and the associated cost reasonable. This 
report suggests areas that can be pursued. Thorough reviews of each project 
and prompt management decisions prior to project approval are required. 

(3) Precisely because HST is so challenging, and expectations of - -  
its performance so -high, we should continue to seek a greater .understanding 
of HST drivers of complexity and cost. Clearly, however, HST "is what 
it is"--the most ambitious Earth-orbital scientific mission ever develoDed 
by NASA. Projects can always be constrained to reduce cost, but with HST 
launch planned for 1987 such an approach would be penny-wise and 
pound-foolish. Given the high expectations for HST operational performance, 
no near-term effort to save costs makes sense. Instead, every effort should 
now be made to ensure that HST becomes successfully operational on time 
and within budget. On the other hand, the HST project team and the staff 
of the Space Telescope Science Institute (STScI) may be expected to benefit 
from actual experience with HST operations in the months and years following 
launch. With such experience to guide them, HST project personnel should 
then find new ways to reduce the complexity o f  operations, increase 
scientific productivity, and reduce cost. 

(4) More generally, we must now accept this reality: Mission 
Operations and Data Analysis will occupy a central role in virtually all 
future space missions. The need to commit substantial resources to the 
collection, distribution, analysis, and archiving of scientific data is 
already with us. In some areas, as the enclosed report points out, cost 
savings may be achieved through common efforts and through shared experience 
and resources. In the main, however, the report's recommendations seek 
to ensure that the major investments we plan to make in the development 
of future space observatories will be protected through commensurate planning 
for effective data hand1 ing and analysis. Both the astronomical community 
and, NASA are already taking positive steps in this area. Enlightened 
leadership, stable support, and deliberate encouragement can lead to 
significant improvements in data-handling capabilities at little or no 
additional cost. 

i i  



arrangements f o r  t he  I 
f u tu re .  While the re  i s  a spectrum o f  s t rong opin ions about which approach 
i s  bes t - - fo r  example, a s i n g l e  i n s t i t u t e  f o r  t he  Great Observatories, 
separate i n s t i t u t e s ,  NASA centers,  o r  var ious hyb r id  o rgan iza t ions- - there  
i s  general agreement about the  func t i ons  t h a t  such a suppor t ing o rgan iza t i on  
must perform. F i r s t  o f  a l l ,  any o rgan iza t i on  chosen o r  const ructed t o  
support  AXAF o r  SIRTF MO&DA func t i ons  must undertake t o  ensure the  s c i e n t i f i c  
i n t e g r i t y  and p r o d u c t i v i t y  o f  t he  miss ion as p a r t  o f  i t s  r e s p o n s i b i l i t y  
t o  the  broader s c i e n t i f i c  community. I n  add i t i on ,  such an o rgan iza t i on  
must be an i n t e g r a l ,  a c t i v e  p a r t  o f  t h e  NASA p r o j e c t  team and consequently 
responsib le  and accountable t o  NASA i n  a management sense. NASA Headquarters 
should rev iew and compare the  op t ions  a v a i l a b l e  t o  each p r o j e c t  i n  
consu l ta t i on  w i t h  the  NASA centers  concerned and the  science adv isory  
s t r u c t u r e  as p a r t  o f  a systemat ic procedure t o  s e l e c t  an advantageous 
approach f o r  each p r o j e c t .  The pQtent ia1 f o r  major cos t  avoidance and 
savings o f f e r e d  by a r a p i d  dec is ion  appears t o  outweigh p u t a t i v e  cos t  
d i f f e rences  among competing approaches. We should remember t h a t  many 
i n s t i t u t i o n a l  arrangements can be made t o  work e f f e c t i v e l y ,  prov ided they 
are  responsive t o  bo th  the  s c i e n t i f i c  community and t o  NASA, a re  an i n t e g r a l  
p a r t  o f  t h e  NASA p r o j e c t  team, and have c l e a r  r o l e s  and r e s p o n s i b i l i t i e s .  

I n  view o f  t he  above po in ts ,  t he  Study Group decided i t  was n o t  appropr ia te  
t o  t ry  t o  i d e n t i f y  a s p e c i f i c  "cos t  savings" assoc iated w i t h  each 
recommendation. Instead, t he  r e p o r t  r e f l e c t s  t h e  s t rong b e l i e f  t h a t  NASA, 
i t s  p r o j e c t  teams, and the  astronomical  community can work together,  t a k i n g  
advantage o f  shared f a c i l i t i e s ,  e x i s t i n g  c a p a b i l i t i e s ,  and a weal th  o f  
experienced personnel t o  l e a r n  from the  past.  I n  t h i s  way, we can b u i l d  
t r u s t ,  increase s c i e n t i f i c  p roduc t iv i t y - -and conta in  costs.  

Th is  r e p o r t  would n o t  have been poss ib le  w i thou t  t he  a c t i v e  p a r t i c i p a t i o n  
o f  t he  many s c i e n t i s t s ,  engineers and managers who took t h e  t ime t o  
c o n t r i b u t e  t h e i r  views and experience. A spec ia l  thanks i s  due A l b e r t  
Opp, Richard Harms, Paul Blanchard, and Sharon Smith. Th is  s tudy was 
supported through a con t rac t  w i t h  Appl ied Research Corporat ion.  

F r a n k l i n  D. Mar t i n  
Chairman, Ast rophys ics Data 
Operations Study Group 

Ava i l ab le  from: Space and Ear th  Sciences D i r e c t o r a t e  
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INTRODUCTION 

Background. I n  March 1985, t h e  D i r e c t o r  o f  Astrophysics,  NASA Headquarters, 
requested a s tudy o f  t h e  opera t ion  o f  f u t u r e  Ast rophys ics missions. Th is  
request  grew from a r e c o g n i t i o n  o f  t h e  i nc reas ing  importance o f  t h e  Miss ion 
Operat ions and Data Ana lys is  (MO&DA) phase o f  such p r o j e c t s .  I n  t h e  contex t  
o f  t h i s  study, MO&DA i s  taken t o  i nc lude  those o n - o r b i t  and ground opera t ions  
and func t i ons  necessary t o  c o l l e c t  photons i n  space and p rov ide  t h e  r e s u l t i n g  
data t o  t h e  s c i e n t i f i c  community f o r  ana lys i s  and p u b l i c a t i o n .  

Annual expendi tures f o r  MO&DA have, i n  t h e  past,  been modest compared w i t h  
t y p i c a l  annual development cos ts  and have represented o n l y  a small  f r a c t i o n  
o f  t h e  NASA Research and Development (R&D) budget. Consider, f o r  example, 
t h e  High Energy Astronomical  Sate1 1 i te-2  (HEAO-2), t h e  I n t e r n a t i o n a l  
U l t r a v i o l e t  Exp lo rer  ( IUE) ,  t h e  So lar  Maximum Miss ion (SMM), and t h e  I n f r a r e d  
Astronomy S a t e l l i t e  ( IRAS) ,  a l l  o f  which cont inue t o  rece ive  support  f o r  
data ana lys i s  and d isseminat ion.  I n  f i s c a l  year  1985 d o l l a r s ,  t h e  comnitment 
of NASA RAD funds f o r  the'MO&DA phase f o r  a l l  f o u r  miss ions combined amounted 
t o  a "steady s t a t e "  l e v e l  o f  approx imate ly  $31M. 

By comparison, t h e  p ro jec ted  "steady s t a t e "  MO&DA budget f o r  t h e  Hubble 
Space Telescope (HST) i s  approx imate ly  $70M i n  FY85 d o l l a r s .  Th is  i s  
exc lus i ve  o f  t h e  c o s t  f o r  next -generat ion inst ruments and f o r  spacecra f t  
maintenance and refurb ishment .  Moreover, HST i s  planned t o  be o n l y  t h e  
f i r s t  o f  a s e r i e s  o f  l o n g - l i v e d  "Great Observator ies"  i n  space. I n  a d d i t i o n  
t o  HST, i t  i s  expected t h a t  t he  Gamma Ray Observatory (GRO), and new-star t  
candidates Advanced X-Ray Ast rophys ics F a c i l i t y  (AXAF) and Space I n f r a r e d  
Telescope F a c i l i t y  (SIRTF), w i l l  a l l  be i n  opera t ion  by t h e  t u r n  o f  t he  
cen t u  ry . 
These cons idera t ions  r a i s e  a number o f  quest ions,  some o f  which c a r r y  
impor tan t  i m p l i c a t i o n s  f o r  t h e  NASA budget: 

- Are f u t u r e  "Great Observator ies"  l i k e l y  t o  have annual MO&DA cos ts  s i m i l a r  
t o  t h a t  o f  HST? 

- Do AXAF and SIRTF, i n  p a r t i c u l a r ,  resemble X-ray and i n f r a r e d  vers ions  
o f  HST, o r  do they  more resemble t h e i r  s imp ler  s c i e n t i f i c  precursors,  
HEAO-E and IRAS? 

- What have we learned f rom t h e  past? For example, a re  the re  economies 
of sca le  o r  b e n e f i t s  f rom t h e  use o f  common p r o j e c t  elements? How can 
we ma in ta in  t h e  q u a l i t y  o f  science a t  reasonable cos t?  

- How can we ensure a c o s t - e f f e c t i v e  y e t  s c i e n t i f i c a l l y  p roduc t i ve  approach 
t o  data hand l ing  and a r c h i v i n g  d u r i n g  t h e  Great Observatory e ra?  

- How should NASA and t h e  s c i e n t i f i c  community e x p l o i t  t h e  synergism o f  
simultaneous observat ions f rom t h e  Great Observator ies? I n  t h e  face  
o f  cons t ra ined budgets, can they  work together  t o  ensure t h e  cont inued 
e x p l o r a t i o n  o f  t he  Universe through use o f  m u l t i s p e c t r a l  observat ions? 



Charge: In o r d e r  t o  address  these ques t ions  , t oge the r  w i t h  a s soc ia t ed  
concerns and pe rcep t ions ,  the s tudy  p a r t i c i p a n t s  were requested t o :  

1. Analyze ope ra t ions  and d a t a  d i s t r i b u t i o n  f o r  a s t rophys ic s  missions a s  
an i n t e g r a t e d  program a c r o s s  a l l  major missions planned f o r  launch before  
the t u r n  o f  the century.  

2. Examine the process ing  and d i s t r i b u t i o n  of  d a t a  t o  enhance "problem- 
o r i en ted"  a n a l y s i s  of  mu1 t i s p e c t r a l  d a t a  from var ious  missions a t  remote 
sites. 

3. Consider any bene f i c i a l  r o l e  o r  use of  e x i s t i n g  o r  planned i n f r a s t r u c -  
ture, i n  p a r t i c u l a r  the Space S t a t i o n ,  the National Space Science Data 
Center (NSSDC), the Tracking and Data Relay S a t e l l i t e  System (TDRSS), 
and the Space Telescope Science I n s t i t u t e  (STScI). 

The s tudy  was expected t o  produce a r e p o r t  t h a t  had benef i ted  from d i scuss ion  
and comment by the general  s c i e n t i f i c  community. 

Conduct o f  the study.  The s tudy  was conducted i n  three phases.  Phase 
I cons i s t ed  of  a Data Management Workshop held 17-19 Apr i l  1985 a t  Goddard 
Space F1 i g h t  Center (GSFC) , w i t h  a t tendance  1 i m i  ted t o  NASA personnel 
experienced p r i m a r i l y  i n  Astrophysics  Mission Operat ions and Data Analysis  
( s ee  Appendix A). T h i s  workshop reviewed the ope ra t ions  of  such p a s t  
missions a s  the Orb i t ing  Astronomical Observatory (OAO) series, IUE, and 
IRAS; missions i n  p rogress ,  inc luding  the Cosmic Back round Explorer  (COBE), 
GRO, and HST; and p l ans  f o r  So la r  Optical  Telescope 9 SOT), AXAF, and SIRTF. 
P r o j e c t  experience from o t h e r  a r e a s  was a l s o  discussed, p a r t i c u l a r l y  the 
Atmospheric Explorer/Dynamics Explorer  (AE/DE) , the I n t e r n a t i o n a l  Solar-  
T e r r e s t r i a l  Program ( ISTP) , and the Upper Atmosphere Research Sate1 1 i t e  
(UARS). In a d d i t i o n ,  p r e s e n t a t i o n s  were received from the National Science 
Foundation (NSF) , the NSSDC, and r e p r e s e n t a t i v e s  of  the p lane ta ry  program. 
The primary purpose o f  Phase I was t o  review a s  much r e l e v a n t  exper ience  
as p o s s i b l e ,  so t h a t  a focused set o f  d i scuss ion  t o p i c s  and a workable 
agenda could be developed f o r  Phase 11. 

NASA has conducted the development and ope ra t ion  o f  i t s  Astrophysics  mis- 
s i o n s  i n  a wide v a r i e t y  of  ways. During Phase I of  the present s tudy ,  
the Study Group sought t o  i d e n t i f y  common elements o r  approaches t o  mission- 
ope ra t ions  func t ions  w i t h i n  appa ren t ly  d i s s i m i l a r  p r o j e c t s .  The accompanying 
Figure 1, "Mission Operat ions Functions ( H i s t o r i c a l  P a t t e r n )  ," shows those  
elements t h a t  appear  t o  be common t o  the ope ra t ion  and d a t a  f low of  a l l  
Astrophysics  missions t h a t  have been flown o r  planned so f a r .  In this 
f i g u r e ,  each element w i t h i n  a r e c t a n g l e  represents a p a r t i c u l a r  func t ion ;  
s o l i d  arrows show the f low of a product  from one func t ion  t o  another ;  and 
dashed arrows r ep resen t  two-way i n t e r a c t i o n s ,  such a s  coord ina t ion  o r  j o i n t  
planning. Because o f  i n t e r a c t i o n  and feedback, planning f o r  d a t a  handling 
and disseminat ion e x e r t s  an influence on o t h e r  program func t ions  and products  
even a t  e a r l y  mission s t a g e s .  The c e n t r a l i t y  of  the onboard d a t a  c o l l e c t i o n  
and processing func t ion  symbolizes the f a c t  t h a t  this func t ion  he lps  t o  
determine a l l  func t ions  around the per iphery  of  the diagram. The f i g u r e  
helped the Study Group t o  cons ider  the var ious  missions d iscussed  i n  Phase 
I1  from a un i f i ed  p o i n t  o f  view. In the future, o f  course ,  t echnologica l  
o r  management innovat ion may lead  t o  a diagram w i t h  different topology. 
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Phase I1 consisted of a workshop held 17-19 September 1985, also at GSFC, 
involving some of the participants from Phase I together with participants 
from the external research community (see Appendix B). This workshop 
considered the data recommendations of the National Academy of Sciences' 
Astronomy Survey Committee and Committee on Data Management and Computation 
(CODMAC), the experience of the planetary community, the activity of NSF, 
and the plans of the Academy's Committee on Space Astronomy and Astrophysics 
(CSAA) for a more extensive study of similar and related topics. The 
experience of the IUE, IRAS, HEAO-E, and HST projects was discussed in 
detail; there followed a consideration of plans for future missions that 
focused on AXAF and SIRTF. Among the main topics emphasized were mission 
characteristics and complexity of operations, centralized versus distributed 
data handling and archiving, multimission operations centers, standardization 
of data formats, and data-analysis requirements. The plans and potential 
roles of Space Station, TDRSS, and NSSDC were also reviewed and discussed. 

Phase I 1  produced a set of conclusions and recommendations, set forth in 
a draft report of 30 January 1986 that served as the basis for the final 
Phase I 1 1  solicitation of comments from the general scientific community. 
An address on the Phase I1 status of the present study was presented to 
a public-policy session at a meeting of the American Astronomical Society 
on 6 January 1986. The draft report was also sent to a large number o f  
institutions and individuals for comment. In addition, the status of the 
study was discussed with the responsible NASA advisory panels prior to 
publication of the final report. 

The conclusions and recommendations presented here are those of the Phase 
I1 Study Group, which is listed below: 

BERNSTEIN, Ralph 
BLANCHARD, Paul 
BOGGESS, A1 bert 
BOYCE, Peter 
COSTA, Richard 
GARMI RE , Gordon 
GIACCONI, Riccardo 
HARMS , Richard 
HART, Richard 
HARWIT, Martin 
LINSKY , Jeffrey 

MARTIN, Frank1 in 
MEAD, Jaylee 
OPP, Albert 
SQUIBS, Gael 
VANDEN BOUT, Paul 
WEISS, Rainer 
WEISSKOPF, Martin 
WERNER, Michael 
WITHBROE, George 

IBM Corporation 
Applied Research Corporation 
Goddard Space Flight Center 
American Astronomical Society 
Goddard Space Flight Center 
Pennsylvania State University 
Space Telescope Science Institute 
Applied Research Corporation 
National Academy of Sciences 
Cornel 1 University 
Joint Institute for Laboratory 
Astrophysics, NBS/Colorado 

Goddard Space Flight Center 
Goddard Space Flight Center 
Goddard Space Flight Center 
Jet Propulsion Laboratory 
National Radio Astronomy Observatory 
Massachusetts Institute of Technology 
Marshall Space Flight Center 
Ames Research Center 
Harvard-Smithsonian Center for 

As trophys i cs 
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PHASE I 1  CONCLUSIONS AND RECOMMENDATIONS 

The most fundamental finding of this study is that the application of basic 
management principles is vital to scientifically productive and cost effec- 
tive operation of future space-astronomy missions in the MO&DA phase. 

The effectiveness of mission operations is deeply rooted in the decisions 
made during the definition and development phases of the project. This 
finding is in agreement with the earlier CODMAC conclusion that it is 
management and organizational issues, rather than technological issues, 
that form the most significant potential barriers to successful mission 
development, operations, data processing, and distribution of data to the 
scientific community. 

We first describe the general conclusions and recommendations of the study, 
followed by discussion in each case. There are four of these, appearing 
under the headings: 

A. Institutional setting and early involvement of the science and operations 
team; 

B. Management simp1 ici ty and adequate staffing; 

C. Communication among projects; and 

D. Data archiving. 

We then return to the charge to the Study Group and comment upon each of 
its elements in the light of the workshop findings, adding relevant 
information. The present section concludes with a more detailed list of 
suggestions that cover the planning of data handling and archiving. 

GENERAL CONCLUSIONS AND RECOMMENDATIONS 

A .  Institutional Setting and Early Involvement o f  the Science and Operations 
Team 

Conclusion: When measured against their expectations for scientific 
productivity and cost-effective operation in the MO&DA phase, the HEAO-2, 
IUE, and IRAS missions must be considered outstanding successes. This 
operational success is due primarily to three factors: 

1. An early choice of institutional setting for operations, which 
established clear lines of scientific and management responsibility 
and ensured organizational continuity. 

2. An early and continuous involvement of scientific and operations 

3. A strong sense of responsibility by those involved to both NASA 

personnel in mission definition, development, and implementation. 

management and the astronomical community. 
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Recommendation: The choice o f  an i n s t i t u t i o n a l  s e t t i n g  f o r  bo th  AXAF and 
SIRTF operat ions should be made i n  the  near f u t u r e ;  t he  s c i e n t i f i c  and 
operat ions teams t h a t  w i l l  c a r r y  o u t  these missions should be de f i ned  as 
e a r l y  as poss ib le  and be g iven r e s p o n s i b i l i t y  f o r  miss ion operat ions success 
from t h a t  p o i n t  onwards. Team members should have a personal stake i n  
the  success o f  t he  p r o j e c t ,  and NASA should make i t  c l e a r  how these 
arrangements w i l l  ensure management r e s p o n s i b i l i t y ,  s c i e n t i f i c  excel lence, 
and ove rs igh t  by the  s c i e n t i f i c  community. I n  general,  these arrangements 
should be i n  p lace  a t  t h e  t ime o f  p r o j e c t  d e f i n i t i o n  (Phase B) and v a l i d a t e d  
together  w i t h  t h e  r e s t  o f  t he  p r o j e c t  p r i o r  t o  t he  development phase (Phase 
C/D). 

Discussion: NASA must now examine f u t u r e  i n s t i t u t i o n a l  arrangements f o r  
AXAF and SIRTF. O f  pas t  programs and those c u r r e n t l y  under development, 
o n l y  IUE and HST were i n i t i a t e d  as observator ies intended from the  beginning 
f o r  s u b s t a n t i a l  use by  general observers. HEAO-2 was developed as a 
P r i n c i p a l  I n v e s t i g a t o r  ( P I )  f a c i l i t y .  The I R A S  mission, designed t o  p rov ide  
an a l l - s k y  survey f o r  t he  research community, was c a r r i e d  o u t  by a Science 
Working Group w i t h  a team leader.  However, because IRAS and HEAO-2 s a t i s f i e d  
the  th ree  c r i t e r i a  l i s t e d  above, t hey  both proved t o  be h i g h l y  p roduc t i ve  
and access ib le  t o  the  general research community as w e l l .  (A d e s c r i p t i o n  
o f  each o f  these missions i s  contained i n  the  l a t e r  s e c t i o n  e n t i t l e d  E x i s t i n g  
In fo rma t ion  Base f o r  Study.) The success o f  these pas t  programs shows 
t h a t  a v a r i e t y  o f  o rgan iza t i ona l  approaches can support  t he  science 
operat ions and the  associated team--NASA centers,  u n i v e r s i t i e s ,  i n d u s t r y ,  
p r o j e c t - s p e c i f i c  i n s t i t u t i o n s ,  and combinations o f  these have a l l  been 
successful .  Success i s  most s t r o n g l y  c o r r e l a t e d  w i th  e a r l y  i d e n t i f i c a t i o n  
o f  t he  l o c a t i o n  and s t r u c t u r e  f o r  a committed science and operat ions team. 
This  i n s t i t u t i o n a l  s e t t i n g  f o r  t he  long-term opera t i on  o f  t h e  p r o j e c t  
promotes e f f e c t i v e  p a r t i c i p a t i o n  i n  the  program, ensures t h e  s c i e n t i f i c  
i n t e g r i t y  o f  t he  mission, and ensures p rese rva t i on  o f  an " i n s t i t u t i o n a l  
memory" throughout. 

The Study Group recognized the  need t o  d e f i n e  c l e a r  i n s t i t u t i o n a l  and 
o rgan iza t i ona l  s t r u c t u r e  as urgent  tasks f o r  t h e  AXAF and SIRTF p r o j e c t s .  
Such arrangements must take i n t o  account t h a t  each o f  these f a c i l i t i e s  
i s  intended f o r  use n o t  j u s t  by t h e  P I ' S  b u t  a l s o  the  general research 
community. Each p r o j e c t  has a base l i ne  concept, b u t  n e i t h e r  y e t  has a 
fo rma l l y  approved o rgan iza t i on .  Numbers o f  a1 t e r n a t i v e s  a re  s t i l l  under 
considerat ion.  The astronomical  community and NASA must tege the r  come 
t o  terms w i th ,  and accept r e s p o n s i b i l i t y  f o r ,  t he  long-term arrangements 
f o r  these major space observator ies i f  they are t o  be operated 
c o s t - e f  f e c t  i vel  y . 
Furthermore, t he re  must be a c l e a r  end-to-end i n t e g r a t i o n  o f  r e s p o n s i b i l i t i e s  
t h a t  p r o p e r l y  r e f l e c t s  the  c u l t u r e s  and capabi l  i t y  o f  a1 1 i n s t i t u t i o n a l  
elements. E a r l y  involvement o f  t he  s c i e n t i f i c ,  engineer ing,  and operat ions 
teams i s  e s s e n t i a l  f o r  c o s t - e f f e c t i v e  and s c i e n t i f i c a l l y  p roduc t i ve  opera t i on  
i n  t h e  l a t e r  MO&DA phase. Several f a c t o r s  impede t h i s  d e s i r a b l e  i n t e g r a t i o n  
o f  a team e f f o r t :  t h e  p o l i t i c s  o f  s e l l i n g  a l a r g e  program, the  long 
t imescales involved, t he  tendency t o  focus a t t e n t i o n  and resources on 
immediate techn ica l  problems, and the  perceived and r e a l  des i res  o f  NASA 
and t h e  astronomical community. 
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This last factor can be a major impediment when discussions and debates 
over important concepts such as "responsibil i ty", "control ,I' and 
"independence" lead to conflict, artificial barriers, adversarial relations, 
and, even worse, delayed decisions that can be detrimental to cost, schedule, 
and mission success. Consequently, the Study Group concluded that such 
a systems approach including early involvement is imperative if the users 
are to accept responsibility for, and become involved in, cost control 
of major programs. Even though there are many other contributing factors, 
such as lack of continuity of key personnel at all levels, the Study Group 
believed that much of the HST cost growth could have been avoided if the 
institutional setting, including scientific and management responsibility 
and associated personnel, had been identified for the operational phase 
and put into place earlier in the program. 

The above conclusions have major implications for AXAF and SIRTF. These 
projects are intrinsically less complex than HST and thus present 
opportunities to avoid cost growth through prompt management initiatives. 
For example, the total manpower associated with mission operations for 
HST (exclusive of science investigators and data analysis) is just over 
500 man-years per year, which is similar to manpower levels for planetary 
MO&DA during past major planetary encounters. By contrast, missions such 
as HEAO-2, IUE, and IRAS require only on the order of 50 to 150 man-years 
per year each for the same functions. The differences can be attributed 
directly to the large number of management interfaces, instrumental 
complexity, complex operation modes, and intricate scheduling procedures 
for HST. 

In addition, neither AXAF nor SIRTF envisions real-time operations, a major 
cost driver for missions in low-Earth orbit. Pointing requirements are 
less stringent by an order of magnitude than for HST, and (unlike HST) 
only one instrument will operate at a time. The data rates are lower as 
well, and the number o f  operation modes is far fewer than for HST. In 
addition, each of these missions has been preceded by a relevant "prototype:" 
HEAO-2 in the case of AXAF, and IRAS in the case of SIRTF. These prototypes 
have provided a valuable base of documented experience on which to build 
MO&DA plans for the future missions. 

Present AXAF specifications call for a space observatory that, in many 
respects, resembles a larger version of HEAO-2 rather than an X-ray version 
o f  HST. The Study Group concluded that there is a good chance that MO&DA 
costs for AXAF can be held much below those of HST if the foregoing 
management recommendations are implemented. Although SIRTF operations 
are not as well defined as those of AXAF, a similar conclusion should apply 
to SIRTF once more programmatic detail and associated cost estimates are 
available. However, careful attention must be paid to past missions, since 
it is not clear that HST took full advantage of the experience gained on 
IUE and OAO. 

While good management is essential to take fiscal advantage of these 
technical differences, the Study Group concluded that, to a first 
approximation--even if nothing is done beyond the actions now planned by 
the AXAF and SIRTF projects--the MO&DA cost for each of these missions 
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should be significantly less than that of HST because of relative technical 
simplicity alone. However, the Study Group also examined a number of ways 
in which the program costs of AXAF and SIRTF might be lowered through 
standardization or commonality of various program elements. 

The AXAF project has already baselined the multimission support facility 
at GSFC for spacecraft operations, taking advantage of existing facilities 
and reducing cost. The SIRTF project is considering a similar option. 
The use of common science or operations control centers beyond this does 
not appear feasible. Large central organizations appear to offer no obvious 
efficiencies of scale. Data formats are already becoming standardized 
through the systematic efforts of major research centers and the grass-roots 
support of individual scientific groups. The sharing of hardware i s  
counterproductive, since it quickly becomes obsolete and expensive to 
service. 

Software offers the best possibility for cost savings. It is possible 
that substantial portions of the sophisticated HST software (e.g., that 
for ground support or for data archiving and distribution) can be used 
by AXAF and SIRTF. While such savings could be significant in absolute 
dollars, and consequently important to pursue in some cases, the Study 
Group felt they are unlikely to represent a substantial fraction of the 
MO&DA or development budgets o f  either AXAF or SIRTF. 

B. Management Simplicity and Adequate Staffing 

Conclusion: Complex management schemes, particularly the involvement of 
several NASA centers, and complicated contractor arrangements have in the 
past worked to the detriment of missions such as HST and IRAS. Moreover, 
the size of the science and operations team's staff has often been too 
small to ensure that cost tradeoffs made during the development phase will 
promote simplicity and scientific productivity during the MO&DA phase, 
especially in the cases of the major missions. 

Recommendation: NASA should maintain streamlined organizations for AXAF 
and SIRTF, minimizing major multiorganizational involvement in project 
management, and should staff the science and operations team adequately. 

Discussion: With regard to management simplicity, it may be said that 
no rule is so obvious, important, and widely ignored. Every pressure of 
the sociology of a large organization works against keeping things simple. 
Nevertheless, NASA must take a careful look at management arrangements 
that apportion scientific and programmatic responsibilities among different 
entities, such as NASA centers. If the management plan calls for a second 
organization to take over project management from the first, the second 
organization must be involved with the project from the beginning. Roles 
and responsibilities must be clear, and the project must make sense as 
a management system. NASA should, in effect, "systems engineer" the 
institutional arrangements for the Great Observatories. 
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An adequately sized and technically competent scientific and operations 
staff (involving both NASA and non-NASA personnel ) is also important to 
project success. The most successful projects recognize that key scientists 
and operations personnel experienced in flight projects can form an effective 
nucleus of technical advisors that can contribute materially to "systems 
engineering"--particularly early in the project, when much conceptual design 
must be done. However, even during the fabrication and operational phases 
of the project, experienced scientists (whose personal success depends 
on the success of the program) and their support staff form an excellent 
cadre that can help maintain the quality of the mission and ensure that 
optimum cost tradeoffs are made. In the past, some difficulties have arisen 
through the inability of the science teams to be "everywhere at once" and 
to be kept fully informed on technical matters when they lacked the funding 
for staff. Again, the Study Group did not believe that one institutional 
setting is more important than another in nurturing this core scientific 
expertise--as emphasized earlier, NASA centers, universities, industry, 
and institutes all can be successful. However, the group did conclude 
that a core of key scientists and operations personnel, and the associated 
feeling of scientific responsibility, are vital to the early avoidance 
of costly design and development problems and to the ensuring of later 
cost-effective operations. 

C. Communication Among Projects 

Conclusion: Communication among past NASA Astrophysics projects has been 
surprisingly limited, with relatively little sharing of mission experiences. 

Recommendation: NASA should implement a mechanism for regular and intimate 
interactions among teams from the major space-observatory programs. In 
particular, NASA should seek a means to ensure that experience from programs 
such as IUE, HEAO-2, IRAS and HST is shared with the new AXAF and SIRTF 
program teams. 

Discussion: The study group found a rich reservoir o f  experience available 
among participants in the many missions reviewed. A striking feature of 
the study, highlighted during Phase I, was the remarkable degree to which 
the different Astrophysics mission groups are unaware of one another's 
experiences. Several participants in both Phase I and Phase I 1  remarked 
that the educational benefit of hearing a variety o f  presentations on similar 
programs was one of the major surprises and rewards of the study for them. 
This observation points up a clear opportunity to aid future programs by 
establishing a mechanism to ensure such communication, particularly to 
the benefit of the AXAF and SIRTF missions. We note, however, that the 
details of this interaction must be determined by NASA and the program 
teams involved, and not imposed external ly; the Study Group therefore 
refrained from specifying how this should be done. On the other hand, 
it is clear that much can be gained from the sharing not only of insights 
into success, but also insights into the lessons learned from past 
experiences, so that both human and material costs associated with 
frustration from wasted efforts (and even from failures) can be avoided. 
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D. Data A rch i v ing  and D i s t r i b u t i o n  

Conclusion: E a r l y  p lann ing  o f  database a r c h i t e c t u r e ,  t ege the r  w i t h  
i n s t i t u t i o n a l  arrangements f o r  data a n a l y s i s  and a rch i v ing ,  a re  e s s e n t i a l  
elements o f  e a r l y  miss ion planning, s ince they  w i l l  a f f e c t  t he  bes t  way 
t o  c a r r y  o u t  miss ion operat ions f o r  t he  e n t i r e  program. 

Recommendation: The a c q u i s i t i o n ,  analys is ,  d i s t r i b u t i o n ,  and a r c h i v i n g  
o f  data should be a c e n t r a l  p a r t  o f  miss ion p lanning from the  beginning. 

Discussion: F a i l u r e  t o  p l a n  f o r  t he  u l t i m a t e  s c i e n t i f i c  use o f  miss ion 
data diminishes the  s c i e n t i f i c  p r o d u c t i v i t y  o f  the mission. The Study 
Group be l i eved  t h a t  r a p i d l y  advancing data-handl ing technologies o f f e r  
g rea t  p o t e n t i a l  t o  r e t u r n  super io r  science a t  l i t t l e  o r  no a d d i t i o n a l  cost ,  
p a r t i c u l a r l y  f o r  major observatory  programs. Making e f f e c t i v e  use o f  t he  
l a r g e  data se ts  generated by a l o n g - l i v e d  observatory  r e q u i r e s  e x p l i c i t  
p lann ing  from the  s t a r t  o f  t he  mission. The involvement o f  both s c i e n t i s t s  
and database exper ts  w i l l  be necessary. 

The key t o  making such data use fu l  t o  the  e n t i r e  s c i e n t i f i c  community i s  
t he  development o f  app rop r ia te  cata logs and d i r e c t o r i e s  t h a t  can be made 
a v a i l a b l e  t o  the  users a t  t h e i r  home i n s t i t u t i o n s .  Organizat ions such 
as NSSDC can p l a y  an impor tant  r o l e  i n  t h i s  process, s ince t h e i r  p r imary  
f u n c t i o n s  a re  ones o f  coord inat ion,  ove rs igh t ,  and f a c i l i t a t i o n  o f  i n d i v i d u a l  
p r o j e c t  i n i t i a t i v e s .  The development o f  catalogs, d i r e c t o r i e s ,  and 
procedures f o r  ma in ta in ing  backup data se ts  w i l l  t h e r e f o r e  be an impor tant  
a c t i v i t y  f o r  NSSDC i n  t h e  f u t u r e .  NSSDC can a l s o  perform a va luable se rv i ce  
t o  p r o j e c t  teams by p r o v i d i n g  adv i so ry  techn ica l  personnel w i t h  knowledge 
o f  t h e  l a t e s t  communications and data-processing technology, s ince t h i s  
e x p e r t i s e  i s  o f t e n  l a c k i n g  i n  groups devoted p r i m a r i l y  t o  s c i e n t i f i c  
research. NSSDC i s  a c t i v e l y  i nvo l ved  w i t h  bo th  the AXAF and SIRTF p r o j e c t s .  

The Study Group a l s o  developed a number o f  s p e c i f i c  recommendations designed 
t o  guide the  development o f  data archives;  these appear below under the  
heading, "De ta i l ed  Suggestions f o r  Data Hand1 i n g  and Archiv ing."  

OTHER CONSIDERATIONS AND CONCLUSIONS: RESPONSE TO THE STUDY CHARGE 

Charge: (1) Analyze operat ions and data d i s t r i b u t i o n  f o r  ast rophys ics 
missions as an i n t e g r a t e d  program across a l l  major missions planned f o r  
launch before the  t u r n  o f  t he  century.  

Discussion: Dur ing Phase I o f  the  study, t he  operat ions o f  a number o f  
missions were analyzed t o  i d e n t i f y  common themes and elements; t h i s  ana lys i s  
l e d  t o  t h e  graphic  d e p i c t i o n  o f  mission-operat ions f u n c t i o n s  descr ibed 
e a r l i e r  i n  the  present  r e p o r t .  Such an approach pe rm i t ted  comparisons 
of apparent ly  d i s s i m i l a r  missions and al lowed the  Study Group t o  b r i n g  
pas t  experience t o  bear on p lans f o r  AXAF and SIRTF. O f  course, a more 
d e t a i l e d  and systemat ic s tudy o f  f u t u r e  miss ion operat ions would be 
des i rab le .  For example, t h e  quest ion o f  funding approaches f o r  i n v e s t i g a t o r s  
r e q u i r i n g  the  use o f  more than one observatory  f o r  t he  a c q u i s i t i o n  o f  new 
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data, for occasional simultaneous (or at least coordinated) observing runs, 
or even for studies requiring access to existing observatory data banks, 
remains a vexing and complex administrative problem. At present, NASA 
funds observers through each project; e.g., funding for use of HST will 
be allocated through STScI. NSF, by contract, funds groups to do research 
involving the use of ground-based observatories but leaves the allocation 
of observing time to the observatories' proposal-review process. It is 
clear that NASA must set up a mechanism to ensure that proposals involving 
more than one observatory are given proper consideration. Such a process 
should not be restricted to NASA projects, since coordination with NSF 
is also required. The Study Group tended to lean toward continuing with 
the hybrid system, provided NASA and NSF can develop a way for the 
responsible observatory heads to coordinate research and observing programs. 
If this is not possible, it may be necessary for NASA to consider changing 
its current, mission-oriented approach to one more like that of NSF. 
However, in the final analysis, agency-level coordination is essential. 
All approaches could benefit from more discussion than was possible during 
the course of the present study. The National Academy of Sciences has 
now begun a more extensive study, through a CSAA committee headed by Dr. 
Michael Jura of UCLA, that should address this topic in more detail. 

Charge: (2) Examine the processing and distribution of data to enhance 
"problem-oriented" analysis of mu1 tispectral data from various missions 
at remote sites. 

Discussion: Phase I1 o f  the study devoted considerable attention to the 
"problem-oriented" analysis of mu1 ti spectral data. Two primary conclusions 
emerged. First, the standardization o f  data formats required for such 
analysis is already well advanced; largely through the efforts o f  NSF, 
the Flexible Image Transport System (FITS) format has become a world standard 
for astronomical data. Image-processing software is likely to be dominated 
by only two systems--the Astronomical Image Processing System (AIPS) system 
developed by the National Radio Astronomy Observatory (NRAO), already in 
wide use, and the Image Reduction and Analysis Facility (IRAF) system 
developed by the Kitt Peak National Observatory (KPNO), about to be released 
fo r  use and expected to be widely adopted. Second, i t  was recognized that 
the recommendations of the 1982 CODMAC report are still entirely valid; 
the CODMAC report lists the steps NASA will need to take to facilitate 
the intercomparison of data from different missions. NASA is responding 
to many o f  the CODMAC recommendations, as discussed in the next section 
of the present report. 

Charge: (3) Consider any beneficial role or use of existing or planned 
infrastructure, in particular the Space Station, the National Space Science 
Data Center (NSSDC), the Tracking and Data Relay Satellite System (TDRSS), 
and the Space Telescope Science Institute (STScI). 

Discussion: 

Space Station - The Study Group did not consider the future role of Space 
Station in maintenance and refurbishment, as the present study was limited 
to a consideration of data operations only. Since both AXAF and SIRTF 
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are expected to  be free-flying platforms, even though serviced by the Space 
Station and associated transportation systems, the d i rec t  role of Space 
Station i n  the operations of these missions is expected to  be minor. There 
have been some preliminary proposals that  the Space Station data system 
be "transparent," or configured so as to  permit the operation of payloads 
as i f  they were i n  geosynchronous orb i t .  Such proposals embody features 
t h a t  are sc ien t i f ica l ly  a t t rac t ive  to  the astronomical community. However, 
the general structure of the Space Station d a t a  system i s  not yet 
suff ic ient ly  well defined to  make clear  whether such data p lans  are 
technically feasible for  A X A F  and SIRTF, or cost-effective for  e i ther  project 
or fo r  NASA. The Astrophysics Program should m a i n t a i n  a strong l iaison 
with the Space Station Project t o  make sure that  informed decisions are 
made. 

NSSDC - The projected role of NSSDC i s ,  a s  stated e a r l i e r ,  one of oversight, 
coordination and d i rec t  participation in selected cases. I t  i s  expected 
t h a t  NSSDC will support future Astrophysics mission operations by preparing 
data catalogs and director ies ,  maintaining backup data se t s ,  and providing 
advanced technical expertise to  sc ien t i f ic  study t e a s .  

TDRSS - Both AXAF and SIRTF plan to  use TDRSS fo r  data transmission. A t  
f i r s t  glance, TDRSS appears t o  be capable o f  handling these tasks without 
significant interference from competing demands. The primary concern i s  
the a b i l i t y  of TDRSS to  maintain pr ior i ty  fo r  Astrophysics operations in 
the face of other pressures for  system use. Since the use of TDRSS fo r  
communications i s  scheduled only one week i n  advance, scheduling commitments 
for  space observations may n o t  i n  a l l  cases be confirmed ear ly  enough to  
ensure that  coordinated observations can be conducted. Since coordinated 
observations are  extremely valuable, this issue demands attention by both 
NASA and NSF. 

STScI - Discussion of the Study Group centered mainly on two areas. First, 
the group heard of the d i f f i cu l t i e s  the HST team encountered d u r i n g  the 
f i r s t  years of STScI operation; these accounts underscored the importance 
of an early choice of inst i tut ional  set t ing and project-team involvement, 
as recommended ea r l i e r  i n  t h i s  section. In  addition, the Study Group was 
briefed on the extensive software that  has been developed to  support various 
aspects of HST operations. For example, STScI has taken the lead i n  adopting 
the standardized IRAF command language developed a t  KPNO, i n  the development 
of a data archival system employing new technology, and i n  the establishment 
of an astrophysics network. I t  appears l ike ly  that  some portions of this 
software, or modifications of i t ,  could be of d i rec t  use to  AXAF and SIRTF. 

DETAILED SUGGESTIONS FOR DATA HANDLING AND ARCHIVING 

A study subgroup was formed to  consider i n  more detail  the steps tha t  should 
be taken t o  f a c i l i t a t e  the archiving and distribution of d a t a .  Their conclu- 
sions and recommendations are a s  follows: 
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1. D a t a  a c q u i s i t i o n ,  ana lys is ,  d i s t r i b u t i o n ,  and a r c h i v i n g  func t i ons  should 
be a c e n t r a l  p a r t  o f  miss ion planning, spacecra f t  design, and design 
of the  ground data system from t h e  beginning. This  e f f o r t  should be 
funded and pro tec ted  throughout t h e  miss ion t o  a l l o w  c o n t i n u i t y  through 
complet ion.  

2. The Astrophys ics D iv i s ion ,  NASA Headquarters, should support  t h e  es tab l i sh -  
ment o f  a ca ta log  and d i r e c t o r y  system i n  t h e  near f u t u r e .  
a s tudy i n v o l v i n g  s c i e n t i f i c  users and o the rs  implementing t h e  system 
should be conducted t o  estab l  i s h  requirements f o r  as t rophys ics  data 
ca ta logs  and d i r e c t o r i e s  and t o  e s t a b l i s h  t h e i r  f e a s i b i l i t y .  
beginn ing o f  FY 1988, an on - l i ne  ca ta log  and d i r e c t o r y  should be i n i t i a t e d  
t h a t  w i l l  accept data f rom a l l  c u r r e n t  and f u t u r e  missions. 

I n  p a r t i c u l a r ,  

By t h e  

3. Each p r o j e c t  should be requ i red  t o  create,  i n  a d d i t i o n  t o  i t s  l o c a l  
a c t i v e  research data base, a h i g h - q u a l i t y  data product  f o r  depos i t  i n  
an arch ive .  Th is  data p roduc t  should be: 

- Prepared by  people who work c l o s e l y  w i t h  t h e  miss ion researchers and 
who have r e s p o n s i b i l i t y  f o r  updat ing t h e  data. 

- Access ib le  t o  users who are  n o t  d i r e c t l y  assoc iated w i t h  t h e  c o l l e c t i o n  
and process ing o f  t h e  data. 

- Well documented, p r o v i d i n g  f o r  i n c l u s i o n  o f  bo th  s t a t i s t i c a l  e r r o r s  
and est imates o f  systemat ic e r r o r s .  

4. A science s t e e r i n g  committee should be es tab l i shed t o  oversee astronomi- 
c a l  a r c h i v a l  func t ions .  I t  i s  a n t i c i p a t e d  t h a t  f u t u r e  astronomical  
data se ts  w i l l  be d i s t r i b u t e d  among many phys ica l  l o c a t i o n s  b u t  accessed 
through a c e n t r a l i z e d  ca ta log  and d i r e c t o r y .  
can p l a y  a p a r t i c u l a r l y  h e l p f u l  r o l e  i n  ensur ing t h a t  appropr ia te  advanced 
technologies are  employed i n  implementing such a scheme and i n  meet ing 
user needs. 

The s t e e r i n g  committee 

5. A l l  data-access nodes should have t h e  same degree o f  open access as 
does NSSDC a f t e r  p r o p r i e t a r y  data r i g h t s  have expired. 

6. The procedures f o r  s e l e c t i n g  and fund ing  i n v e s t i g a t o r s  who r e q u i r e  access 
t o  data f rom more than one observatory  should be reviewed, and a workable 
system p u t  i n  place. 

7 .  The impact on science should be assessed be fore  any major techno log ica l  
changes are  implemented. 

8. NASA should cont inue t o  make i t s  resources r e a d i l y  a v a i l a b l e  t o  t h e  
s c i e n t i f i c  community, i n c l u d i n g  u n i v e r s i t y  researchers.  

9. NASA: should seek t o  e x p l o i t  computing i n i t i a t i v e s  undertaken bo th  i n s i d e  
and ou ts ide  the  agency, e.g., the  establ ishment  by  NSF o f  a nat ionwide 
supercomputer network. 

13 



EXISTING INFORMATION BASE FOR STUDY 

FINDINGS OF OTHER STUDIES 

The Nat ional  Academy o f  Sciences (NAS) and NASA have empaneled several  
groups i n  recent  years t o  examine t h e  process ing o f  s c i e n t i f i c  data f rom 
spacecraf t  and t o  make recommendations f o r  improvements. Seeking t o  b u i l d  
upon t h i s  pas t  experience, the  Study Group reviewed th ree  NAS data and 
operat ions s tud ies :  I n s t i t u t i o n a l  Arrangements f o r  the  Space Telescope 
(The Hornig Report) ;  Astronomy and Ast rophys ics f o r  the  1980's (Report  
o f  t h e  Astronomy Survey Committee, o r  the  F i e l d  Report) ;  and the  r e p o r t  
o f  the  Space Science Board 's  Committee on D a t a  Management and Computation 
( t h e  CODMAC r e p o r t ) .  A b ib l i og raphy  o f  these and o the r  r e l a t e d  documents 
appears i n  Appendix C .  

The Horn ig Report 

I n  a n t i c i p a t i o n  o f  t h e  development of HST, the  Academy convened a committee, 
cha i red  by Donald F. Hornig, t o  examine i n s t i t u t i o n a l  arrangements f o r  
t h e  opera t ion  o f  t h i s  f a c i l i t y .  The Hornig Report was issued i n  1976 and 
the re fo re  does n o t  r e f l e c t  exper ience acqui red du r ing  the  operat ions o f  
IUE,  HEAO-2, and IRAS. The Hornig Committee concluded t h a t ,  w h i l e  the  
opera t ion  o f  HST and i t s  assoc iated systems would bes t  be c a r r i e d  ou t  by 
NASA, optimum s c i e n t i f i c  p r o d u c t i v i t y  would r e q u i r e  t h e  c lose  and cont inuous 
p a r t i c i p a t i o n  o f  t h e  astronomical  community. They urged s p e c i f i c  
i n s t i t u t i o n a l  arrangements t o  p rov ide  long-term guidance and support  f o r  
the  s c i e n t i f i c  e f f o r t ,  a mechanism f o r  engaging the  p a r t i c i p a t i o n  o f  
astronomers throughout t h e  world, and a means f o r  t h e  d isseminat ion and 
u t i l i z a t i o n  o f  HST data. The Hornig Committee recommended t h a t  these needs 
be met through an independent i n s t i t u t e ,  separate f rom NASA, operated by 
a consort ium o f  p a r t i c i p a t i n g  u n i v e r s i t i e s .  NASA accepted most o f  the  
recommendations o f  the  Hornig Committee and proceeded t o  es tab l  i s h  t h e  
Space Telescope Science I n s t i t u t e  (STScI). 

The F i e l d  Report 

I n  1978, the  Nat iona l  Academy o f  Sciences convened, under t h e  chairmanship 
o f  George 6.  F ie ld ,  an Astronomy Survey Committee t o  develop p r i o r i t i e s  
f o r  a comprehensive program of astronomy and ast rophys ics f o r  the  1980's. 
As p a r t  o f  t h e i r  charge, t h e  Astronomy Survey Committee a l s o  considered 
the  f u t u r e  needs o f  the  astronomical  community f o r  computat ional  f a c i l i t i e s .  
The Committee found t h a t  the  inc reas ing  use o f  d i g i t a l  images i n  astronomy 
was c r e a t i n g  a demand on computing c a p a b i l i t i e s  t h a t  cou ld  n o t  r e a d i l y  
be met by f a c i l i t i e s  a v a i l a b l e  a t  t h e  t ime t h e  Astronomy Survey was completed 
(1980). However, minicomputers and superminicomputers now on t h e  market 
w i l l  be ab le  t o  handle much o f  t h i s  load, i f  they  are  brought i n t o  opera t ion  
a t  u n i v e r s i t i e s  and research l a b o r a t o r i e s  now. The Committee recommended 
t h a t  both u n i v e r s i t i e s  and the  Federal Government acce le ra te  t h e  t i m e l y  
a c q u i s i t i o n  and support  o f  such computers. Many image-reduction tasks 
and t h e o r e t i c a l  ca l cu la t i ons ,  on the  o the r  hand, requ i re  the  c a p a b i l i t i e s  
o f  supercomputers. The Committee a l s o  recommended t h a t  Federal l a b o r a t o r i e s  
and observa tor ies  t h a t  have supercomputers cont inue t o  g ran t  astronomers 
access t o  such f a c i l i t i e s .  
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The CODMAC Reoort 

The Committee on Data Management and Computation (CODMAC) advises NASA 
on ways t o  op t im ize  t h e  s c i e n t i f i c  r e t u r n  f rom i t s  programs and missions 
through use o f  modern computing, a rch iv ing ,  and network ing technologies.  
I n  1982, CODMAC publ ished the  r e s u l t s  o f  a s tudy t h a t  i d e n t i f i e d  several  
areas o f  concern w i t h i n  NASA, i n c l u d i n g  planning, data processing, data 
d i s t r i b u t i o n ,  s tandard iza t ion ,  and sof tware t r a n s p o r t a b i l i t y .  Wi th in  
data-system planning, CODMAC observed a l a c k  o f  involvement by t h e  s c i e n t i f i c  
community, inadequate funding a t  the  t ime o f  p r o j e c t  conception, and an 
absence o f  o v e r a l l  p lanning. With respect  t o  data processing, they  found 
t h a t  most research groups were underfunded f o r  data process ing and ana lys i s  
and thus cou ld  n o t  acqu i re  new technologies t o  e x p l o i t  f u l l y  t h e  i n fo rma t ion  
conta ined i n  t h e i r  data. CODMAC noted t h a t  t he re  were f r e q u e n t l y  long  
delays i n  t h e  d e l i v e r y  o f  data t o  t h e  user, and t h a t  d e l i v e r e d  data were 
o f t e n  p o o r l y  documented and ca l i b ra ted .  They a l s o  found a wide v a r i e t y  
o f  data formats i n  use. Moreover, CODMAC discovered t h a t  c o s t l y  sof tware 
developments were o f t e n  c a r r i e d  ou t  t o  meet nar rowly  s p e c i f i c  p r o j e c t  needs, 
r e s u l t i n g  i n  sof tware t h a t  i s  n o t  t ranspor tab le  t o  o t h e r  users on the  same 
p r o j e c t  o r  t o  o t h e r  p ro jec ts .  

As a r e s u l t  o f  the  CODMAC recommendations, NASA Headquarters strengthened 
t h e  In fo rmat ion  Systems O f f i c e  w i t h i n  t h e  O f f i c e  o f  Space Science and 
App l i ca t i ons  (OSSA), consol idated OSSA information-management a c t i v i t i e s ,  
i n i t i a t e d  a number o f  p i l o t  s tud ies  i n  severa l  d i s c i p l i n e s  ( i n c l u d i n g  one 
i n  ast rophys ics l e d  by  STScI), and r e s t r u c t u r e d  the  NSSDC. CODMAC a l s o  
recommended t h a t  t h e  user  be a c t i v e l y  invo lved from t h e  i ncep t ion  t o  the  
complet ion o f  a mission; t h a t  s c i e n t i f i c  management incorpora te  some form 
o f  ove rs igh t  by  t h e  s c i e n t i f i c  community; t h a t  data formats be governed 
by t h e  needs o f  the  user  and r e f l e c t  a balance between f l e x i b i l i t y  and 
economy; t h a t  a n c i l l a r y  data, such as p o i n t i n g  and engineer ing data, be 
r e a d i l y  a v a i l a b l e  together  w i t h  the  s c i e n t i f i c  data; and t h a t  data be 
processed and d i s t r i b u t e d  i n  a t i m e l y  fashion.  Emphasis should a l s o  be 
g iven t o  t h e  a c q u i s i t i o n  and produc t ion  of s t ruc tu red ,  t ranspor tab le ,  and 
documented software.  S c i e n t i f i c  data should be s to red  i n  f a c i l i t i e s  t h a t  
a re  adequately funded t o  ensure t h a t  t h e  da ta  a re  annotated and s to red  
i n  a permanent and r e t r i e v a b l e  form. The resources f o r  data ana lys i s  and 
process ing should be s e t  as ide  e a r l y  i n  a p r o j e c t  and should be pro tec ted  
from loss a r i s i n g  f rom overruns i n  o t h e r  p a r t s  o f  a p r o j e c t .  

EXPERIENCE FROM OTHER M I S S I O N S  

Three missions-IUE, HEAO-2, and IRAS--have a l l  been e x c e p t i o n a l l y  success- 
f u l  f rom a s c i e n t i f i c  opera t ions  p o i n t  o f  view, meet ing e s s e n t i a l l y  a l l  
o f  t h e i r  expected opera t iona l  mi lestones, and a l l  have been operated i n  
a d i f f e r e n t  manner. The Study Group examined these miss ions i n  d e t a i l  
t o  i d e n t i f y  any common f a c t o r s  t h a t  may have con t r i bu ted  t o  t h e i r  s c i e n t i f i c  
success. HST w i l l  be operated i n  a s t i l l  d i f f e r e n t  manner; a l though i t  
has n o t  y e t  been launched, t h e  Study Group considered t h i s  p r o j e c t  as w e l l .  
A summary o f  program data f o r  these f o u r  missions, as w e l l  as f o r  GRO and 
SMM, i s  prov ided i n  F igure 2. 
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PROGRAM DATA/APPROXIMATE RESOURCES 

- IUE HEAO-2 

STEADY STATE TOTAL 98* 73 
OPERATIONS MANPOWER( MY) 

STEADY STATE OPERATIONS 7 6 
FY85$( M) 

STEADY STATE 400 300 
INVESTIGATIONS 

NUMBER OF INSTRUMENTS 2 5 

DEVELOPMENT REAL YEAR $(M) 26.5 90 

DEVELOPMENT 85$( M) 55.3 189 

C I V I L  SERVICE DEVELOPMENT 919 568 
MAN POW E R 

TOTAL DEVELOPMENT COST 
FY85$ ( M)*** 

SPACECRAFT WEIGHT (LBS.  ) 

POWER (WATTS) 

DESIGN L I F E  (YEARS) 

DATA COLLECTION RATE 
( K I  LOBITS/SEC ) 

147 246 

864 6949 

186 565 

3 1 

20 6.4 

HST 

525 

- 

79 

533 

5 

1185* 

1428* 

2200 

1648 

23741 

2525 

6R0 

141 

- 

12 

80 

4 

394 

417 

7 27 

490 

34000 

2000 

2.5# 2 

1024 50 

SM4 

65 

- 

10 

113 

7 

74 

129 

679 

197 

5105 

1500 

1 

244 

* U.S. ONLY 
** EUROPEAN OPERATIONS MANPOWER 
*** ASSUMES C I V I L  SERVICE MANPOWER CONVERSION A T  INDUSTRY RATE O F  

APPROXIMATELY $100K/MANYEAR 
**** DEVELOPMENT COST TO U.S. WAS APPROXIMATELY $82M REAL-YEAR DOLLARS 

# ON-ORBIT S E R V I C I N G  FOR EXTENDED L I F E  

~ ~-~ 

IRAS 

48* 
8 3** 

8 

135 

2 

148**** 

237 

88 

246 

237 2 

250 

1 

16.2 

F IGURE 2 
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I n t e r n a t i o n a l  U1 t r a v i o l e t  Exp lo rer  

The I n t e r n a t i o n a l  U l t r a v i o l e t  Exp lo rer  (IUE) was launched i n  1978 t o  o b t a i n  
h igh - reso lu t i on  u l t r a v i o l e t  spect ra o f  astronomical  ob jec ts  and cont inues 
t o  operate success fu l l y  8 years l a t e r .  Because o f  i t s  l o c a t i o n  i n  
near-geosynchronous o r b i t ,  I U E  can be commanded i n  r e a l  t ime 24 hours pe r  
day. IUE,  a cooperat ive program w i t h  the  European Space Agency (ESA) and 
t h e  Science and Engineer ing Research Counci l  o f  t h e  Un i ted  Kingdom, i s  
operated i n  two 8-hour s h i f t s  f rom t h e  U.S. (GSFC) and one 8-hour s h i f t  
f rom Europe (V i l spa ,  Spain).  I U E  d i d  n o t  have a P r i n c i p a l  I n v e s t i g a t o r  
as such, b u t  the  leader  o f  a team o f  s c i e n t i s t s  a t  GSFC worked w i t h  t h e  
Europeans and performed the  func t i ons  o f  a P I .  A l l  o f  t h e  observ ing t ime 
i s  a v a i l a b l e  t o  guest observers, w i t h  no P I  r i g h t s  assigned t o  the  inst rument  
supp l ie rs .  The U.S. segment o f  t h e  opera t ion  proceeds as  f o l l ows :  

Observing proposals a re  prepared and submitted' t o  t h e  I U E  P r o j e c t  
O f f i c e  by p o t e n t i a l  users i n  the  astronomical  community i n  response t o  
t h e  annual "Dear Colleague" L e t t e r .  P roposa l - i ns t ruc t i on  packages are  
sent t o  those in te res ted .  

a. 

b. When proposals f o r  t h e  for thcoming observ ing year  a re  received, 
p repara t ions  are  made f o r  peer review, e.g., t echn ica l  f e a s i b i l i t y  reviews, 
s o r t i n g  by ca tegor ies  o f  research, and s e l e c t i o n  o f  peer-review pane l i s t s .  
The peer-review board recommends proposals f o r  acceptance by  t h e  p r o j e c t  
and f o r  f i n a l  approval by t h e  Ast rophys ics D i v i s i o n  a t  NASA Headquarters. 

c. The science program f o r  t h e  for thcoming guest-observing year  i s  
formed, and telescope schedul ing i s  arranged f o r  t h e  proposals recommended 
by  t h e  rev iew board. 

d. When t h e  guest observer comes t o  t h e  I U E  Science Operat ions Center 
(SOC) a t  Goddard, he/she f i l l s  o u t  an observ ing s c r i p t  con ta in ing  t h e  
i n fo rma t ion  necessary f o r  the  opera t ion  o f  t h e  te lescope (e.g. , t h e  t a r g e t ' s  
coord inates,  choice o f  camera, and exposure t i m e ) .  Resident astronomers 
respons ib le  f o r  I U E  p lann ing  a r e  a v a i l a b l e  for c o n s u l t a t i o n  a t  a l l  s tages 
o f  t h e  process, Operat ing i n fo rma t ion  i s  t ransmi t ted  by t h e  te lescope 
opera tor  t o  t h e  I U E  Operat ions Contro l  Center, f rom which t h e  commands 
are  sent  i n  r e a l  t ime t o  t h e  IUE te lescope. For r e l a t i v e l y  s t ra igh t fo rward  
observ ing programs, t h e  observer need n o t  be present  a t  t h e  SOC b u t  may 
choose t o  communicate w i t h  t h e  SOC and rece ive  qu ick - look  data i n  r e a l  
t ime. 

e. Observat ional  data a re  c o l l e c t e d  by  I U E  and telemetered t o  t h e  
ground, where quick- look data a re  d isp layed a t  t h e  SOC observ ing console 
t o  a i d  the  guest observer i n  enhancing h i s /he r  observa t iona l  program. 
The o v e r a l l  operat ions o f  I U E  a re  g r e a t l y  s i m p l i f i e d ,  and considerable 
cos ts  saved, because o f  i t s  l o c a t i o n  i n  geosynchronous o r b i t .  

f. The telemetered data a re  processed on a computer a t  GSFC us ing  
c a l i b r a t i o n s  t h a t  a re  updated p e r i o d i c a l l y .  The processed data products,  
i n  t h e  form o f  magnetic tapes, Pho to r i t es  and Calcomp p l o t s ,  a re  sent  t o  
t h e  guest observer f o r  ana lys i s  and t o  NSSDC f o r  a rch i v ing .  
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g. The data products  a re  made a v a i l a b l e  t o  any s c i e n t i s t  i n  t h e  
astronomical  community through NSSDC a f t e r  e lapse o f  a six-month p r o p r i e t a r y  
per iod.  The data a re  a l s o  a v a i l a b l e  a f t e r  s i x  months t o  the  users o f  
Regional Data Analys is  F a c i l i t i e s  a t  GSFC and the  U n i v e r s i t y  o f  Colorado. 
The analyzed data are made a v a i l a b l e  t o  t h e  astronomical  community through 
pub1 i c a t i o n s .  

High Energy Astronomy Observatory-2 

HEAO-2, a l so  c a l l e d  t h e  E i n s t e i n  Observatory, was an X-ray astronomy observa- 
t o r y  c o n s i s t i n g  p r i n c i p a l l y  o f  an X-ray telescope w i t h  a 60-cm grazing- 
inc idence m i r r o r  and f o u r  inst ruments i n  t h e  f o c a l  plane. I t  was launched 
i n  1978 i n t o  a low-Earth o r b i t  and cont inued t o  operate u n t i l  A p r i l  1981, 
when i t s  c o n t r o l  gas was expended. The miss ion  began as a PI - type miss ion  
b u t  was, be fore  launch, expanded t o  i nc lude  a Guest I n v e s t i g a t o r  program. 
By t h e  complet ion o f  data a c q u i s i t i o n  i n  1981, approximately 25% o f  the  
observing t ime had been a l l o c a t e d  t o  guest observers. The HEAO-2 s c i e n t i f i c  
i n v e s t i g a t o r  team was made up o f  s c i e n t i s t s  f rom American Science & 
Engineer ing (AS&E), Columbia Un ive rs i t y ,  GSFC, and the  Massachusetts 
I n s t i t u t e  o f  Technology, un i ted  i n  a consort ium under a s i n g l e  P I .  P r i o r  
t o  launch, t h e  P I  and several  members o f  the  s c i e n t i f i c  team t r a n s f e r r e d  
from AS&E t o  the  Smithsonian Ast rophys ica l  Observatory (SAO) i n  Cambridge, 
Massachusetts. 

Because o f  the  low photon f l u x ,  t h e  HEAO-2 ins t ruments operated i n  a photon- 
count ing  mode. Th is  r e l i e v e d  t h e  requirement f o r  r i g i d  inst rument  a l i g n -  
ment and made poss ib le  an economical recons t ruc t i on  of t he  X-ray images 
on the  ground. The HEAO-2 data r a t e  was 6.4 k i l ob i t s / second  (kb /s ) .  HEAO-2 
had no rea l - t ime  operat ions,  so t h e  expense o f  opera t ing  i n  r e a l  t ime i n  
a low-Earth o r b i t  was saved. The miss ion  was operated f rom GSFC under 
t h e  d i r e c t i o n  o f  t h e  Marshal l  Space F l i g h t  Center (MSFC), the  miss ion 
management center .  That i s ,  personnel f rom MSFC, TRW, I n c .  ( t h e  miss ion 
con t rac to r ) ,  and SAO, a1 1 r e s i d e n t  a t  GSFC, conducted spacecraf t  operat ions.  
S c i e n t i f i c  coo rd ina t i on  and schedul ing o f  operat ions was c a r r i e d  o u t  a t  
SAO. Miss ion operat ions p lans were t ransmi t ted  t o  GSFC, where t h e  f i n a l  
command sequences and schedules were compi 1 ed. These were executed through 
a s a t e l l i t e  c o n t r o l  cen ter  a t  GSFC. The spacecraf t  requ i red  a minimum 
o f  two contacts  pe r  day f o r  command load ing  and conf i rmat ion .  The s c i e n t i f i c  
data were decommutated, w i t h  t i m i n g  added and a t t i t u d e  inser ted ,  a t  GSFC. 
They were then t ransmi t ted  t o  SA0 f o r  s c i e n t i f i c  process ing and d i s t r i b u t i o n  
t o  the  s c i e n t i f i c  users (members o f  the  HEAO-2 s c i e n t i f i c  team o r  guest 
observers).  

Guest observers were se lec ted  c o m p e t i t i v e l y  by  NASA Headquarters and funded 
through MSFC. Both t h e  P r o j e c t  S c i e n t i s t  and t h e  SA0 manager o f  the  Guest 
I n v e s t i g a t o r  Program p a r t i c i p a t e d  i n  the  proposal reviews. The observers 
se lected genera l l y  spent some t ime a t  SA0 becoming f a m i l i a r  w i t h  the  HEAO 
data-processing system. Since no rea l - t ime  operat ions were c a r r i e d  out,  
i t  was n o t  necessary f o r  t h e  guest observer t o  be a t  SA0 du r ing  the  s p e c i f i c  
t ime o f  observat ion,  b u t  o n l y  a s h o r t  i n t e r v a l  t h e r e a f t e r ,  when t h e  processed 
data a r r i ved .  The processed data were monitored by  s t a f f  s c i e n t i s t s  a t  
SA0 t o  assure t h e i r  q u a l i t y .  Because o f  the  low-Earth o r b i t  and t h e  need 
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t o  f i x  observ ing p lans  severa l  weeks i n  advance, opera t iona l  f l e x i b i l i t y  
was r a t h e r  l i m i t e d  on HEAO-E, a f a c t  t h a t  l e d  t o  s i m p l i c i t y  and economy 
of spacecraf t  operat ions.  The comparat ive ly  b r i e f  1 i f e t i m e  o f  t h e  p r o j e c t  
requ i red  t h a t  the  observ ing programs be l a i d  o u t  very  c a r e f u l l y  i n  o rder  
t o  minimize cont ro l -gas  usage du r ing  t a r g e t  a c q u i s i t i o n .  

The d e t a i l e d  observ ing program was based on a t a r g e t  l i s t  produced a t  SAO, 
drawn from a u n i f i e d  observ ing ca ta log  t h a t  inc luded a l l  t h e  approved t a r g e t s  
f rom the  consort ium i n s t i t u t i o n s  and from guest observers. Pr imary observ ing 
c o n s t r a i n t s  invo lved keeping the  s o l a r  a r rays  po in ted  w i t h i n  230' o f  the  
s o l a r  d i r e c t i o n  and extending the  s a t e l l i t e  l i f e t i m e  v i a  momentum management. 
While s a t e l l i t e  hea l th  and a t t i t u d e  were monitored a t  t h e  GSFC Payload 
Operations Contro l  Center (POCC) du r ing  rea l - t ime  passes, rea l - t ime  
s c i e n t i f i c  operat ions and data ana lys i s  were n o t  requi red,  thereby 
s i m p l i f y i n g  requirements and reducing cos ts  i n  these areas. 

The E i n s t e i n  data process ing (which s t i l l  cont inues)  cons is t s  o f  two separate 
phases: pipe1 i n e  processing w i t h  s tandard ized software, and pos t - reduc t ion  
s c i e n t i f i c  ana lys i s  performed by i n d i v i d u a l  s c i e n t i s t s .  Pipe1 i n e  processing 
i nvo l ves  data screening, a p p l i c a t i o n  o f  c a l i b r a t i o n s ,  aspect so lu t i on ,  
image c r e a t i o n  and/or energy and temporal s o r t i n g  o f  the  data, and standard 
ana lys i s  t o  search f o r  sources and f i t  simple energy spect ra.  Pr imary 
r e s p o n s i b i l i t y  f o r  generat ing t h e  requ i red  sof tware and f o r  execut ing  these 
a c t i v i t i e s  res ides  a t  SAO, w i t h  s c i e n t i s t s  a t  GSFC and MIT responsib le  
f o r  hand l ing  t h e  c a l i b r a t i o n  and 'process ing o f  t h e i r  spectrometer data. 
Some inst rument  anomalies (e.g., d r i f t  o f  t h e  aspect sensors i n  t h e  E a r t h ' s  
magnetic f i e l d  and ga in  v a r i a t i o n s  i n  one o f  t h e  foca l -p lane de tec tors )  
were discovered through ana lys i s  o f  f l i g h t  data. To compensate f o r  these, 
spec ia l  c a l i b r a t i o n s  were made on -o rb i t ,  data were analyzed, and sof tware 
co r rec t i ons  were generated and app l i ed  r e t r o a c t i v e l y  t o  t h e  e n t i r e  data 
se t .  Th is  a b i l i t y  t o  c o r r e c t  p o s t  f a c t o  f o r  hardware and sof tware anomalies 
i s  one o f  t h e  major advantages o f  p reserv ing  the  raw data and te lemeter ing  
them d i r e c t l y  t o  t h e  ground f o r  subsequent ana lys is .  

The pos t - reduc t ion  s c i e n t i f i c  ana lys i s  i s  p o t e n t i a l l y  a d i s t r i b u t e d  func- 
t i o n ,  a l though l a c k  o f  p o r t a b i l i t y  o f  t h e  E i n s t e i n  sof tware c e n t r a l i z e d  
much o f  t h i s  a c t i v i t y  around t h e  SA0 computers f o r  which t h e  sof tware was 
w r i t t e n .  Improvements a re  s t i l l  underway t o  b e t t e r  document t h e  sof tware 
and t o  p rov ide  f o r  much g rea te r  p o r t a b i l i t y  and m a i n t a i n a b i l i t y  f o r  f u t u r e  
app l i ca t i ons .  A l l  o f  t h e  E i n s t e i n  data a re  now p a r t  o f  a data bank, 
access ib le  by t h e  e n t i r e  s c i e n t i f i c  community. Subs tan t ia l  documentation 
i s  a v a i l a b l e  i n  t h e  form o f  u s e r ' s  manuals, cookbooks, and o n - l i n e  he lp  
f i l e s ;  d i r e c t  ass is tance i n  i n t e r p r e t i n g  ou tpu t  and i n  s e l e c t i n g  and app ly ing  
o f f - l i n e  ana lys i s  programs i s  prov ided by SA0 s c i e n t i s t s  and data aides. 
Users can a l so  ask f o r  s p e c i f i c  s c i e n t i f i c - a n a l y s i s  tasks t o  be performed 
f o r  them remote ly  by SA0 personnel, and t h e  r e s u l t s  a re  then mai led t o  
them. Approximately 100 data-bank requests a re  generated and f i l l e d  each 
year, and many subs tan t i a l  s c i e n t i f i c  p r o j e c t s  cont inue t o  use t h e  E i n s t e i n  
data arch ive.  
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I n f r a r e d  Astronomy Sate1 1 i t e  

I R A S  c a r r i e d  a c ryogen ica l l y  cooled 0.6 meter te lescope w i t h  62 de tec tors  
i n  t h e  f o c a l  p lane t o  observe i n f r a r e d  r a d i a t i o n  f rom astronomical  sources. 
The spacecraf t  was launched on 25 January 1983 i n t o  a n e a r l y  c i r c u l a r  o r b i t  
o f  81.2 degrees i n c l i n a t i o n  and 656 km apogee. It ceased opera t ion  on 
24 November 1983 when i t s  s u p e r f l u i d  he l ium cryogen was depleted. 

I R A S  was a cooperat ive program i n v o l v i n g  NASA, The Netherlands, and t h e  
Uni ted Kingdom. The telescope, foca l -p lane assembly, and cryogenic system 
were prov ided by  t h e  U.S., The Nether lands prov ided the  spacecraf t ,  and 
t h e  U.K. prov ided t h e  c o n t r o l  cen ter  and ground s t a t i o n  v i a  a b i l a t e r a l  
agreement w i t h  The Nether1 ands. Focal - p l  ane de tec tors  were prov ided b y  
the  U.S. and The Netherlands. The spacecraf t  was launched by t h e  U.S. 
on a De l ta  rocke t .  

The pr ime miss ion o b j e c t i v e  o f  I R A S  was t o  survey t h e  sky f o r  i n f r a r e d  
sources. I n  a d d i t i o n  t o  t h e  sky survey, more than 10,000 o the r  observat ions 
were c a r r i e d  out .  The IRAS s c i e n t i f i c  team was se lected by NASA v i a  an 
Announcement o f  Oppor tun i ty  and combined w i t h  a team es tab l i shed by The 
Netherlands and t h e  Un i ted  Kingdom. 

I R A S  data were captured a t  t h e  B r i t i s h  ground s t a t i o n  a t  Ch i l t on ,  England 
and t ransmi t ted  t o  t h e  J e t  Propuls ion Laboratory  (JPL) and t h e  U n i v e r s i t y  
o f  Gronigen f o r  processing. The I n f r a r e d  Processing and Ana lys is  Center 
(IPAC), o r i g i n a l l y  s e t  up a t  JPL t o  process t h e  U.S. I R A S  data, was l a t e r  
re loca ted  from JPL t o  t h e  campus o f  t h e  C a l i f o r n i a  I n s t i t u t e  o f  Technology. 
The I P A C  and i t s  computat ional  f a c i l i t i e s  a re  a v a i l a b l e  f o r  use by t h e  
IRAS i n v e s t i g a t o r s  as w e l l  as by  general observers se lec ted  by  NASA t o  
conduct research w i t h  t h e  I R A S  data. I R A S  i s  an example of shared 
i n t e r n a t i o n a l  r e s p o n s i b i l i t y  f o r  data process ing and d i f f e r s  f rom the  I U E  
example, i n  which t h e  U.S. and ESA operate t h e  spacecra f t  n e a r l y  
autonomously du r ing  t h e i r  s h i f t s .  

The a l l - s k y  survey had top  p r i o r i t y  f o r  t h e  s i x  bes t  o r b i t s  each day. 
The survey scans were generated au tomat i ca l l y  by sof tware programs, and 
t h e  per iods  o f  t ime t h a t  t h e  te lescope was n o t  conduct ing survey scans 
were then f i l l e d  w i t h  po in ted  observat ions de f ined by t h e  J o i n t  Science 
Team. A l l  po in ted  observat ions were requ i red  t o  be repeated twice.  The 
t a r g e t  areas and t h e  observat ions were c o n t r o l l e d  by t h e  J o i n t  Science 
Team i n  o rder  t o  e l i m i n a t e  d u p l i c a t i o n  o f  t a r g e t s  and maximize science 
r e t u r n  f rom t h e  telescope. Once def ined, t h e  schedul ing o f  t h e  observat ions 
was automat ic v i a  t h e  miss ion-cont ro l  sof tware system. 

Data process ing was done i n  two loca t i ons .  The r e a l - t i m e ,  ana lys i s  and 
science quick- look were performed a t  t h e  c o n t r o l  cen ter  i n  England. The 
complete data stream from t h e  s a t e l l i t e  was expanded from 8 t o  16 b i t s  
i n  England and then t ransmi t ted ,  v i a  s a t e l l i t e  l i n k s ,  t o  JPL i n  Pasadena, 
where t h e  science process ing and f i n a l  product  generat ion was performed. 
The survey data were processed i n t o  two pr imary  forms. A ca ta log  o f  p o i n t  
sources was generated which conta ins  approximately 250,000 sources. The 
data were a l s o  converted i n t o  images by b inn ing  the  sky f l u x  and then 
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generat ing images o f  t h e  r e s u l t a n t  data. These data were re leased t o  NSSDC 
i n  November 1984. One o f  the  p r o j e c t  requirements was t o  d e l i v e r  t o  t h e  
community, w i t h i n  a year  o f  t h e  end o f  the  mission, t h e  f i n a l  data products  
descr ibed above. These products  were ' c e r t i f i e d '  by t h e  J o i n t  Science 
Team and de l i ve red  on schedule. 

The I R A S  data a re  con t inu ing  t o  be disseminated t o  t h e  community v i a  two 
pr imary  paths. F i r s t ,  NASA has s e t  up a General I n v e s t i g a t o r  Program i n  
which s c i e n t i s t s  se lec ted  by proposal  rev iew a re  funded t o  per form research 
u t i l i z i n g  t h e  I R A S  data. P r o j e c t  data-processing c a p a b i l i t i e s  developed 
du r ing  t h e  miss ion  a re  made a v a i l a b l e  f o r  t h i s  program and a re  being 
converted from a produc t ion  o r i e n t a t i o n  t o  a s c i e n t i f i c  user  o r i e n t a t i o n .  
Secondly, t h e  U.S. p o r t i o n  o f  t h e  J o i n t  Science Team i s  con t inu ing  t o  
p l a y  an a c t i v e  r o l e  by  d e f i n i n g  a second generat ion o f  products  t o  -be 
developed du r ing  the  nex t  f o u r  years ( i .e . ,  through FY 1989) us ing  new 
processes t h a t  w i l l  increase t h e  s e n s i t i v i t y  o f  t h e  ca ta log  and t h e  q u a l i t y  
o f  t h e  images. Th is  advance has been made poss ib le  by ac tua l  s tudy o f  
t h e  i n i t i a l  data, which supersedes the  assumptions t h a t  were made before  
launch i n  developing t h e  process ing system used t o  d e l i v e r  t h e  pr imary  
miss ion products.  

Hubble Space Telescope 

The Hubble Space Telescope (HST) i s  be ing b u i l t  as a general-purpose o p t i c a l  
observatory  i n  low-Earth o r b i t .  The te lescope i s  a 2.6 meter Cassegrain 
opera t ing  near t h e  d i f f r a c t i o n  l i m i t ,  w i t h  p o i n t i n g  and j i t t e r  requirements 
b e t t e r  than 0.1 and .01 arcsec, respec t i ve l y .  I t s  i n i t i a l  ins t rument  
complement cons is t s  o f  two cameras, two spectrographs, and a photometer, 
as w e l l  as s t a r  t r a c k e r s  t h a t  may be used f o r  astrometry.  The spacecraf t  
i s  designed t o  be r e p a i r a b l e  i n  o r b i t ,  and t h e  inst ruments can be removed 
by  s u i t e d  ast ronauts whenever more powerful  replacements become ava i l ab le .  
Al though some observ ing t ime i s  reserved f o r  those s c i e n t i s t s  who 
p a r t i c i p a t e d  i n  t h e  development phase o f  t h e  p r o j e c t ,  t h e  p r i n c i p a l  use 
o f  HST w i l l  be as an i n t e r n a t i o n a l  astronomical  research f a c i l i t y  t h a t  
i s  a v a i l a b l e  t o  any s c i e n t i s t  ab le  t o  submit a winning research proposal .  

Al though miss ion opera t ions  f o r  HST can be descr ibed i n  terms o f  t h e  
genera l i zed  func t i ons  o f  F igure  1, some o f  these func t i ons  are  cons iderab ly  
more complex o r  spec ia l i zed  i n  HST than has been t h e  norm. A no tab le  f e a t u r e  
o f  t h e  ground system i s  t h a t  t h e  science opera t ions  have been s p l i t  o f f  
f rom o t h e r  p a r t s  of m iss ion  opera t ions  and made t h e  r e s p o n s i b i l i t y  o f  STScI, 
l oca ted  i n  Bal t imore and connected t o  t h e  POCC a t  GSFC v i a  high-speed ground 
l i n e s .  I n  general ,  those func t i ons  r e q u i r i n g  e i t h e r  s c i e n t i f i c  judgement 
o r  d i r e c t  i n t e r a c t i o n  w i t h  t h e  s c i e n t i f i c  community a re  assigned t o  STScI, 
w h i l e  func t i ons  of spacecraf t  c o n t r o l  , safe ty ,  and miss ion  l o g i s t i c s  a re  
assigned t o  t h e  POCC. 

The STScI w i  11 annual l y  s o l  i c i  t, process, and s e l e c t  research proposals  
f rom the  astronomical  community. Al though the  p r o j e c t i o n s  a re  ve ry  
uncer ta in ,  i t  i s  a n t i c i p a t e d  t h a t ,  i n  t h e  beginning, 2000-3000 proposals  
may be received annual ly ,  necess i ta t i ng  acceptance r a t e s  perhaps as low 
as 10%. The successful  proposals  w i l l  be organized i n t o  a long- term 
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observing p lan  f o r  t h e  year; t h i s  p l a n  w i l l  then be broken i n t o  sho r te r  
i n t e r v a l s  w i t h  inc reas ing  l e v e l s  o f  d e t a i l ,  u l t i m a t e l y  y i e l d i n g  a d e t a i l e d  
weekly schedule w i t h  time-tagged slews, s p e c i f i c  po in t i ngs ,  gu ide-s ta r  
assignments, and associated inst rumenta l  command procedures. This  schedule 
i s  t ransmi t ted  t o  t h e  POCC, where i t  i s  checked aga ins t  var ious miss ion 
cons t ra in ts ,  coord inated w i t h  t h e  TDRSS schedule, and augmented by t h e  
spacecraf t  commands necessary t o  c o n t r o l  t h e  po in t i ng ,  data-handl ing,  and 
power subsystems. The in teg ra ted  command load i s  sent t o  the  spacecraf t  
f o r  execut ion a t  t h e  appropr ia te  t ime, and t h e  r e s u l t i n g  data stream i s  
re tu rned t o  the  POCC. S c i e n t i f i c  and c a l i b r a t i o n  data are sent t o  STScI 
f o r  r o u t i n e  processing and u l t i m a t e  t ransmiss ion t o  the  s c i e n t i f i c  user.  
Engineer ing data a re  re ta ined  a t  t h e  POCC f o r  t rend  analyses t h a t  should 
be f e d  back i n t o  miss ion  planning, b u t  they  are  a l so  sent t o  STScI f o r  
c o r r e l a t i o n  w i t h  s c i e n t i f i c  data as needed. A l l  HST data are  arch ived 
a t  STScI, and extens ive data-analys is  f a c i l i t i e s  a re  a v a i l a b l e  the re  f o r  
use by astronomers working w i t h  t h e  data. 

The HST ground system has a deserved repu ta t i on  f o r  be ing complex. However, 
i t  should be emphasized t h a t  t h e  HST p r o j e c t  has been charac ter ized  by 
unprecedented expectat ions i n  t h e  areas o f  observer ass is tance and o f  data 
processing, analysis, and archiving. Never before has a NASA space-astronomy 
miss ion been expected t o  p rov ide  such an extens ive a r r a y  o f  user serv ices  
beginning from the  moment o f  launch. Some idea o f  the  magnitude o f  the  
opera t ion  and data-handl ing tasks i nvo l ved  may be gained from a 
s t ra igh t fo rward  count o f  t h e  computers i n s t a l l e d  a t  GSFC and STScI i n  o rder  
t o  implement t h e  system as i t  w i l l  be conf igured  a t  launch. These c o n s i s t  
o f  t h ree  VAX 8600's, f i v e  VAX 785's,  seven VAX 780's,  one V A X  750, f o u r  
PDPll-44's, and th ree  I D M  data-base machines. The d u t i e s  o f  these var ious  
machines i nc lude  t r a c k i n g  t h e  s ta tus  o f  research proposals,  p lann ing  and 
schedul ing t h e  observ ing program, s e l e c t i o n  o f  guide s ta rs ,  f o r m a t t i n g  
command loads, r e c e i v i n g  te lemetry ,  rea l - t ime  i n t e r a c t i o n s  and mon i to r ing  
o f  spacecraf t  performance, and the  c a l i b r a t i o n  and p r e l i m i n a r y  ana lys i s  
o f  data.  Over two m i l l i o n  l i n e s  o f  code a re  res iden t  i n  these computers. 

Some o f  the  p r i n c i p a l  f a c t o r s  t h a t  have con t r i bu ted  t o  the  complex i ty  and 
cos t  o f  t h e  ground system are  summarized below. 

a. High te lescope performance and inst rument  complex i ty :  Th is  has 
been a major  d r i v e r  i n  opera t ions  costs ,  s ince  t h e  i n - o r b i t  hardware p laces 
h igh  demands on t h e  ground system. The p o i n t i n g  requirements have 
necess i t i a ted  development o f  a ha rd - l i ne  access ib le ,  a l l - s k y  ca ta log  
con ta in ing  some 20 m i l l i o n  s t a r s  w i t h  p o s i t i o n a l  accuracies o f  0.3 arcsec 
and photometry t o  0.25 magnitude. No ca ta log  o f  t h i s  scope and accuracy 
has ever been attempted before,  and a subs tan t i a l  research e f f o r t  was needed 
j u s t  t o  develop t h e  techniques necessary f o r  i t s  compi la t ion.  Each o f  
t h e  f i v e  s c i e n t i f i c  inst ruments i s  h i g h l y  soph is t i ca ted ,  w i t h  many 
opera t iona l  modes r e q u i r i n g  unique commanding procedures and c a l i b r a t i o n  
a lgor i thms.  The ground sof tware needed t o  manage these inst ruments and 
data a re  unavoidably complex. 
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b. I n t e r a c t i v e  and preplanned observing: The choice o f  bo th  preplanned 
and i n t e r a c t i v e  observ ing modes on HST has requ i red  two opera t iona l  systems 
t o  be developed. This ,  o f  course, has s i g n i f i c a n t l y  increased the  scope 
o f  the  ground system. 

c. Observing e f f i c i e n c y :  Typica l  exposure t imes w i l l  range from 
5 t o  30 minutes, i n  con t ras t  w i t h  o t h e r  major observator ies,  where p o i n t i n g  
dura t ions  have been measured i n  hours o r  even days. The HST ground system 
must consequently be prepared t o  schedule and manage a con t inu ing  h igh  
l e v e l  o f  spacecraf t  a c t i v i t y .  The t o o l s  necessary t o  do t h i s  must themselves 
be comprehensive and e f f i c i e n t  i n  o rder  t o  make e f f e c t i v e  use o f  HST 
observ ing t ime. 

d. Inexper ienced users: Most o f  the  s c i e n t i s t s  us ing  HST w i l l  n o t  
be experienced i n  t h e  complex i t ies  o f  schedul ing and opera t ing  a spacecraf t  
i n  low-Earth o r b i t .  The users w i l l  t he re fo re  need extens ive,  exper t  support  
i n  d e f i n i n g  and execut ing t h e i r  observat ions and i n  i n t e r p r e t i n g  t h e i r  
data. This  s i t u a t i o n  requ i res  a much l a r g e r  s t a f f  than t h a t  o f  prev ious 
PI -c lass  missions, where operat ions and data ana lys i s  have been .performed 
by a smal 1 team o f  experienced ins t rumen ta l i s t s .  

e. Lack o f  i n p u t  f rom operat ions group du r ing  e a r l y  design: The 
o r i g i n a l  ground-system design d i d  n o t  i nc lude  a number o f  c a p a b i l i t i e s  
l a t e r  deemed essen t ia l  by  the  miss ion and science operat ions teams. 
Pos t - fac to  upgrades t o  t h e  hardware and sof tware systems have been expensive 
t o  implement , and f r e q u e n t l y  con t rove rs ia l .  

f. Because o f  t h e  l a c k  o f  a s i n g l e  s c i e n t i s t  
w i t h  the  pro jec t -w ide  knowledge and a u t h o r i t y  t o  make cos t /benef i t  t radeof fs  
i n  the  area o f  s c i e n t i f i c  performance, t h e  ground system was developed 
i n  response t o  d i ve rse  and sometimes c o n f l i c t i n g  s c i e n t i f i c  pressures, 
w i t h  a t tendant  esca la t i on  o f  complexi ty.  It would be d e s i r a b l e  t o  develop 
a more e f f e c t i v e  process f o r  d e f i n i n g  s c i e n t i f i c  goals  and ass ign ing 
p r i o r i t i e s ,  

I n a b i l i t y  t o  compromise: 

9. Software Generation: There has been much d iscuss ion  c r i t i c a l  
o f  t h e  cos t  o f  con t rac ted  sof tware development, p a r t i c u l a r l y  f rom members 
o f  t h e  s c i e n t i f i c  community w i t h  exper ience i n  computer programming f o r  
t h e i r  own s c i e n t i f i c  research. However, t h e  HST ground sof tware sytem 
i s  la rge ,  complex, and must be mainta ined and operated f o r  many years by 
persons o the r  than the  developers. It i s  essen t ia l  t h a t  such a system 
go through r igorous  d e f i n i t i o n ,  design, and i n t e r f a c e  c o n t r o l  and t h a t  
i t  be ex tens i ve l y  documented. Th is  i s  i n h e r e n t l y  an expensive process 
t h a t  is u s u a l l y  avoided i n  smal le r  systems developed by i n d i v i d u a l s  o r  
small  teams f o r  t h e i r  own use. However, these development cos ts  a re  amply 
j u s t i f i e d  i n  a major operat ions system t h a t  must be t r o u b l e - f r e e  and 
mainta inable f o r  the  l i f e  o f  t h e  p r o j e c t .  

Many o f  these f a c t o r s  a f fec t i ng  ground-system complex i ty  a re  unique t o  
t h e  HST p r o j e c t  and need n o t  be o f  concern t o  o t h e r  f u t u r e  missions. I t  
should be remembered, however, t h a t  ac tua l  f l i g h t  exper ience w i l l  undoubtedly 
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reveal  advantages and d e f i c i e n c i e s  i n  t h e  ground system t h a t  a re  n o t  
a n t i c i p a t e d  be fore  launch. It w i l l  c e r t a i n l y  be wor thwhi le  t o  examine 
opera t ions  p lans f o r  f u t u r e  miss ions i n  o rde r  t o  apply  lessons learned 
from HST operat ions where they  a re  appropr ia te.  

SUMMARY DESCRIPTIONS 

Advanced X-Ray Ast rophys ics F a c i l i t y  (AXAF) 

AXAF w i l l  be a f r e e - f l y i n g ,  long-1 i v e d  X-ray space observatory  operated 
as a na t i ona l  observatory  f o r  use by t h e  astronomy community. AXAF w i l l  
c o n s i s t  o f  a te lescope made up o f  s i x  nested, grazing- incidence, Wolter 
Type-I m i r r o r  pa i r s ,  tegether  w i t h  a foca l -p lane assembly capable o f  ho ld ing  
f o u r  l a r g e  X-ray inst ruments.  Only one inst rument  w i l l  operate a t  a t ime. 
Th is  w i l l  be accomplished e i t h e r  by  r o t a t i n g  t h e  foca l -p lane assembly o r  
by moving t h e  X-ray m i r r o r  assembly t o  focus X-rays onto t h e  appropr ia te  
inst rument .  The ou te r  m i r r o r  w i l l  have a diameter o f  1.2 meters and a 
f o c a l  l e n g t h  o f  10 meters. The m i r r o r s  w i l l  have an on-axis e f f e c t i v e  
area o f  1500 cm2 a t  0.5 keV and 200 cm2 a t  7 keV t o  y i e l d  an angular  
r e s o l u t i o n  o f  0.5 arcsec; however, s ince  AXAF operates i n  a photon-counting 
mode, the  spacecraf t  requ i res  a p o i n t i n g  accuracy o f  o n l y  30 arcsec. The 
images a re  recons t ruc ted  p o s t  f a c t o  on t h e  ground t o  a p r e c i s i o n  o f  0.5 
arcsec. 

F i ve  inst ruments have been se lec ted  f o r  d e f i n i t i o n  on AXAF: 

a. Microchannel P l a t e  High Resolut ion Camera; 

b. Charged-Coupled-Device Imaging Spectrometer; 

c. High-Resolut ion X-ray Spectrometer; 

d. X-ray Calor imeter  Spectrometer; and 

e. Transmission-Grat ing Spectrometer. 

The AXAF s c i e n t i f i c  payload w i l l  have an average data ou tpu t  o f  about 32 
kb/s, t ransmi t ted  through TDRSS. Spacecraf t  operat ions,  i n i t i a l  data 
capture,  and process ing w i l l  be conducted by MSFC/AXAF P r o j e c t  v i a  t h e  
mu l t im iss ion  POCC f a c i l i t i e s  a t  GSFC. Science opera t ions  w i l l  be conducted 
v i a  a d i s t r i b u t e d  SOC under t h e  management o f  MSFC. Telescope schedul ing 
and command sequencing w i l l  be compiled and loaded i n t o  t h e  spacecra f t  
on a predetermined schedule. No rea l - t ime  observat ions w i l l  be c a r r i e d  
o u t  by  AXAF, and qu ick- look  data w i l l  be requ i red  f o r  housekeeping purposes 
on ly .  

AXAF w i l l  be launched by t h e  Space S h u t t l e  i n t o  an o r b i t  o f  28.5 degrees 
i n c l i n a t i o n  and an a l t i t u d e  o f  approximately 600 km. It has a l i f e t i m e  
o f  10 t o  15 years and w i l l  be serv iced  and have consumables rep len ished 
through Space S t a t i o n  se rv i c ing .  The AXAF P r o j e c t  i s  managed by  t h e  NASA 
Marshal l  Space F l i g h t  Center. 
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Space Infrared Telescope Faci 1 i ty (SIRTF) 

SIRTF is planned as a long-lived, free-flying space observatory for infrared 
astronomy, to be placed into orbit in the early-to-mid 1990's. It will 
operate as a national facility, with the bulk o f  the observing time allocated 
to general investigators. The SIRTF telescope and instruments will cover 
the infrared spectral region from 1.8 to 700 microns. The optics and focal 
plane will be cooled by superfluid helium to below 5 degrees Kelvin. The 
primary mirror will have a diameter of approximately 0.85 meter. The 
telescope will be diffraction-limited at wavelengths longward of 2.5 microns. 
It will have a field of view of 7 arc-minutes and a pointing accuracy and 
stability of 0.15 arcsec. SIRTF will be capable of tracking Solar System 
targets at rates up to 0.21 arcsec per second. 

The cryogenic cooling of the SIRTF telescope and the freedom from atmospheric 
emission and absorption will permit observations over the 2-200 micron 
band to be limited in sensitivity only by the faint natural infrared 
background in the Earth's vicinity. This low background environment, the 
long integration times provided by SIRTF, and the state-of-the-art detectors 
will make SIRTF 1000 to 10,000 times more sensitive than the Infrared 
Astronomical Sate1 1 ite (IRAS). 

Three instruments are under definition study for SIRTF: 

a. An infrared array camera that will provide wide-field and 
diffraction-limited imaging over the 2-30 micron spectral band. 

b. An infrared spectrometer that will provide moderate resolving 
power (100-500) from 2.5 to 200 microns, and higher resolving power (more 
than 1000) from 4 to 120 microns. 

c. A multiband imaging photometer that will provide photometry and 
imaging of very high sensitivity and spatial resolution from 3 to 200 
microns, and lower-resolution capability from 200 to 700 microns. 

Observing time will be block-allocated to instruments according to 
preprogrammed scheduling and observing sequences, thereby eliminating 
real-time interaction with the instruments and simplifying operations. 
Only one instrument will operate at a time. Unallocated observing time 
and slewing time will be used for surveys. 

SIRTF will be launched by the Space Shuttle and an Orbiting Maneuvering 
Vehicle into an orbit of 28.5 degree inclination and 900 km altitude. 
The lifetime with the initial cryogen load will be in excess of 2 years; 
on-orbit cryogen replenishment will be used to extend the lifetime, with 
a 5-year requirement and a 10-year goal. Instrument changeout on orbit 
is not envisioned. Cryogens will be replenished and other servicing carried 
out by the Space Station. 
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Data from SIRTF w i l l  be re tu rned v i a  TDRSS a t  an orb i t -averaged r a t e  o f  
approx imate ly  50 kb/s, w i t h  a peak r a t e  o f  300 kb/s. GSFC w i l l  p rov ide  
l eve l - ze ro  data process ing and miss ion opera t ions  and c o n t r o l  us ing  
mu l t im iss ion  support  f a c i l i t i e s .  S c i e n t i f i c  operat ions and d e t a i l e d  data 
process ing and d i s t r i b u t i o n  are  t o  be c a r r i e d  o u t  a t  t h e  NASA Ames Research 
Center (ARC), which manages t h e  SIRTF Pro jec t .  

EXPERIENCE OF OTHER COMMUNITIES AND ORGANIZATIONS 

The community o f  p lane ta ry  s c i e n t i s t s  and opera t ions  personnel has r e c e n t l y  
conducted a s tudy o f  miss ion  operat ions a t  JPL which i s  o f  some relevance 
t o  as t rophys ics  missions. Comparisons w i t h  the  JPL f i n d i n g s  show, f o r  
example, t h a t  manpower requirements f o r  the  opera t ion  o f  HST a re  
approx imate ly  equ iva len t  t o  those associated w i t h  a major p lane ta ry  encounter 
(peak l e v e l  o f  500 man-years/year). I n  add i t i on ,  NSF has gained exper ience 
i n  the  processing, a rch i v ing ,  and d i s t r i b u t i o n  o f  data t o  t h e  astronomical  
community through t h e i r  support  o f  ground-based astronomical  observat ions.  

The P lanetary  Community 

The p lane ta ry  community i s  c u r r e n t l y  examining ways t o  reduce t h e  cos t  
o f  m iss ion  opera t ions  and data ana lys is ,  and t o  assure t h e  p rese rva t i on  
and easy a c c e s s i b i l i t y  o f  data f rom pas t  p lane ta ry  missions. 

The r i s i n g  cos t  o f  p lane ta ry  miss ions has made i t  i n c r e a s i n g l y  d i f f i c u l t  
t o  rece ive  "New S t a r t "  approval  f o r  f u t u r e  p r o j e c t s .  I n  response, t h e  
So lar  System Exp lo ra t i on  Committee o f  t h e  NASA Advisory Counci 1 has 
recommended a s e r i e s  o f  comparat ive ly  modest p lane ta ry  miss ions based on 
the  commonality o f  two spacecraf t :  The P lanetary  Observer and t h e  Mar iner  
Mark I 1  (MM 11). The P lanetary  Observer i s  approx imate ly  equ iva len t  t o  
a Pioneer-c lass spacecraf t ,  whereas t h e  MM I 1  i s  Voyager-class i n  scope. 
The Observers would have data r a t e s  o f  10 t o  20 kb/s, w h i l e  t h e  MM I 1  data 
r a t e s  would be about 50 t o  100 kb/s. W i th in  an annual fund ing  envelope 
o f  $300M i n  FY 1984 d o l l a r s ,  one Observer cou ld  be s t a r t e d  every two years 
and one MM I 1  s t a r t e d  approx imate ly  every  t h r e e  years.  The problem f a c i n g  
t h e  p lane ta ry  community and NASA i s  t o  cons t ra in  t h e  MO&DA cos ts  t o  a l e v e l  
o f  about $60M per  year  w i thou t  compromising t h e  s c i e n t i f i c  r e t u r n  f rom 
t h e  missions. 

The NASA So lar  System Exp lo ra t i on  D i v i s i o n  and JPL i n i t i a t e d  t r a d e o f f  s tud ies  
t o  examine some o f  t h e  c o s t  f a c t o r s  associated w i t h  t h e  miss ion  opera t ions  
and data ana lys is .  The major cos t  f a c t o r s  they  i d e n t i f i e d  and examined 
were: o rgan iza t ion ,  increased mu l t im iss ion  func t ions ,  automation, shar ing  
among s i m i l a r  p r o j e c t s ,  spacecra f t  commonality, data-system standards, 
and e a r l y  opera t ions  involvement i n  p r o j e c t s .  The NASA/JPL team concluded 
t h a t  a s i n g l e - p r o j e c t  o rgan iza t i on  f o r  t h e  Observer spacecra f t  and a s i n g l e  
p r o j e c t  o rgan iza t i on  f o r  MM I 1  o f f e r e d  t h e  bes t  o rgan iza t i ona l  s t ruc tu re .  
A s i n g l e - p r o j e c t  o rgan iza t i on  f o r  each type o f  spacecra f t  b r i ngs  t h e  
c o n t i n u i t y  and exper ience o f  p r i o r  miss ions t o  new missions, p rov ides  the  
mo t i va t i on  t o  do a good j o b  on a s e r i e s  o f  missions, and fu rn i shes  an 
i n c e n t i v e  t o  maximize spacecra f t  commonality. With regard t o  data systems 
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and data handl ing,  t h e  team examined and recommended adopt ion o f  seven 
data-system standards: te lemetry-channel  coding, packet- te lemetry  formats,  
packet telecommanding, time-code formats, r a d i o  and frequency standards, 
rad iomet r i c  and o r b i t  data formats, and standard-format data u n i t s .  These 
standards w i l l  promote more automation and shar ing  among p r o j e c t s ,  s i m p l i f y  
sof tware changes from miss ion  t o  mission, and s i m p l i f y  data a rch iv ing .  

A problem t h a t  appears t o  be common t o  many miss ions i s  t h e  absence o f  
e a r l y  involvement o f  data-handl ing s p e c i a l i s t s  i n  t h e  p r o j e c t .  The scope 
o f  miss ion  opera t ions  i s  s e t  e a r l y  i n  t h e  p r o j e c t  l i f e  by  t h e  science goals, 
m iss ion  p r o f i l e ,  and spacecra f t  design. E a r l y  p r o j e c t i o n s  o f  operat ions 
cos ts  a re  o f t e n  u n r e a l i s t i c  because t h e  p r o j e c t s  tend n o t  t o  fund data 
operat ions adequately e a r l y  i n  the  miss ion,  when c r i t i c a l  data-system 
p lann ing  and design should take  place. There i s  f r e q u e n t l y  no r e a l i s t i c  
model o f  operat ions cos ts  s p e c i f i c a l l y  cons t ruc ted  t o  be a f u n c t i o n  o f  
science, mission, and spacecra f t  parameters. The NASA/JPL group concluded 
t h a t  t h e  implementat ion o f  t h e i r  recommendations cou ld  reduce t h e  MO&DA 
cos ts  f o r  t h e  core p lane ta ry  program recommended by t h e  So lar  System 
Exp lo ra t i on  Committee t o  l e s s  than $60M per  year .  

A second concern i s  t h e  preserva t ion  and a c c e s s i b i l i t y  o f  data f rom pas t  
as w e l l  as f u t u r e  p lane ta ry  missions. The p lane ta ry  community f e a r s  t h a t ,  
because o f  poor documentation, d e t e r i o r a t i o n  o f  t h e  data medium, l a c k  o f  
an organized a r c h i v a l  system, and personnel changes, impor tan t  data a re  
a l ready  being l o s t .  I n  add i t i on ,  t h e  use o f  data has been l i m i t e d  by  
d i f f i c u l t i e s  i n  i d e n t i f y i n g  and l o c a t i n g  p a r t i c u l a r  data sets,  f i n d i n g  
suppor t ing  documentation, and computational problems i n  man ipu la t ing  t h e  
data.  I n  December 1983, t h e  NASA So lar  System Exp lo ra t i on  D i v i s i o n  organized 
a community-wide workshop t o  address these quest ions.  The outcome o f  t h e  
workshop was a recommendation t o  NASA t o  develop a P lanetary  Data System 
(PDS). A committee was convened and a p l a n  f o r  PDS developed. The PDS, 
as planned, w i l l  be a h i e r a r c h i c a l  s t r u c t u r e  o f  nodes, c o n s i s t i n g  o f  a 
c e n t r a l  management s t r u c t u r e  t o  assure conformi ty  t o  standards. The c e n t r a l  
node w i l l  be respons ib le  f o r  the  s torage and d i s t r i b u t i o n  o f  p lane ta ry  
data se ts  and f o r  p r o v i d i n g  a d i a l - i n  d i r e c t o r y  and ca ta log .  A miss ion  
cen te r  w i l l  ma in ta in  t h e  i n t e r f a c e  between t h e  PDS and a f l i g h t  p r o j e c t  
and d i s c i p l i n e  center  i n  o rde r  t o  p rov ide  ove rs igh t  o f  data se ts  r e l a t i n g  
t o  a p a r t i c u l a r  s c i e n t i f i c  d i s c i p l i n e .  Special  s tudy nodes can be s e t  
up t o  a t t a c k  s p e c i f i c  s c i e n t i f i c  problems. I n  no case i s  i t  in tended t h a t  
t h e  nodes o r  centers  w i l l  be permanent f a c i l i t i e s ,  b u t  r a t h e r  t h a t  centers  
w i l l  come and go as t h e  need a r i ses .  The PDS was r e c e n t l y  combined w i t h  
t h e  P lanetary  Data P i l o t  Study and i s  i n  t h e  process o f  implementat ion.  

Nat iona l  Science Foundation 

NSF i s  t h e  l e a d  Federal agency f o r  support  o f  ground-based astronomy. 
The n a t i o n a l  astronomical  centers  supported by NSF a re  t h e  Nat iona l  Op t i ca l  
Astronomy Observator ies (NOAO), t h e  Nat iona l  Radio Astronomy Observatory 
(NRAO) , and t h e  Nat iona l  Astronomy and Ionosphere Center (NAIC). 
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These observator ies g e n e r a l l y  make a l l o c a t i o n  o f  observing t ime t o  s c i e n t i f i c  
programs descr ibed i n  peer-reviewed proposal s .  I f  a proposal i s  accepted, 
the proposer i s  g iven telescope t ime t o  accomplish h i s /he r  observat ions.  
W i th in  t h e  general c o n s t r a i n t s  o f  the s c i e n t i f i c  o b j e c t i v e s  o f  h i s /he r  
proposal, t h e  observer i s  g iven d i s c r e t i o n  i n  t h e  a l l o c a t i o n  o f  t he  te lescope 
t ime among va r ious  t a r g e t s .  Th is  p r a c t i c e  stands i n  c o n t r a s t  t o  t h e  
a l l o c a t i o n  o f  t ime f o r  observat ions o f  a s p e c i f i c  source, as i s  t he  usual 
space-observatory case. This  same l e v e l  o f  d i s c r e t i o n  extends t o  t h e  
reduc t i on  o f  t he  data, which i n  most cases e f f e c t i v e l y  remains under t h e  
c o n t r o l  o f  t he  observer who recorded i t . 

T r a d i t i o n a l l y ,  photographic p l a t e s  are considered t o  belong t o  t h e  
observatory  where they  were taken, and a re  loaned t o  the astronomer who 
took them. Once t h e  data o f  i n t e r e s t  have been analyzed, t h e  astronomer 
i s  expected t o  r e t u r n  the  p l a t e s  t o  t h e  observatory.  Because o f  t h e i r  
g rea t  value, photographic p la tes ,  when returned, a re  arch ived under c a r e f u l l y  
c o n t r o l l e d  cond i t i ons .  Computerized l i s t s  o f  photographic p l a t e s ,  bo th  
those s t i l l  on loan and those i n  the observatory  archives,  a r e  maintained. 

On the  o t h e r  hand, data recorded e i t h e r  i n  analog o r  d i g i t a l  form--but 
n o t  on photographic plates--have t r a d i t i o n a l l y  belonged t o  t h e  observer 
who obtained them. No e f f o r t  is made t o  a rch i ve  these data, o t h e r  than 
n o t i n g  i n  the  observing l o g  o f  t he  te lescope t h a t  such data were obtained. 

Since the  e a r l y  1980's, more and more observat ions have been made w i t h  
nonphotographic de tec to rs ,  such as scanners, Reticons, and charge-coupled 
devices. Fol lowing t h e  es tab l i shed  t r a d i t i o n ,  these data a r e  considered 
t o  belong t o  the  observer, and no e f f o r t  i s  made t o  a r c h i v e  them. NOAO 
i n i t i a t e d  development o f  an Image Reduction and Ana lys i s  F a c i l i t y  (IRAF) 
f o r  e x t r a c t i o n  o f  i n f o r m a t i o n  f rom d i g i t a l  images. IRAF i s  undergoing 
c o n t i n u i n g  development a t  NOAO and has been adopted by  STScI. I t  w i l l  
be made a v a i l a b l e  t o  the  astronomical  community i n  a t ranspor tab le ,  
standardized vers ion.  

The s i t u a t i o n  a t  t he  NRAO i s  q u i t e  d i f f e r e n t .  Radio-astronomy data a r e  
e x c l u s i v e l y  i n  d i g i t a l  form, and r a d i o  astronomers r e l y  h e a v i l y  upon 
computer-based image processing and ana lys i s .  The Very Large Ar ray  (VLA) 
may produce more than 100 gigabytes pe r  year  o f  raw data, which a re  s tored 
i n  the  VLA arch ives.  These data are compressed i n t o  images and g iven t o  
the  observer f o r  reduc t i on  e i t h e r  a t  t he  te lescope s i t e  o r  a t  t h e  obse rve r ' s  
home i n s t i t u t i o n .  NRAO has develped the  Astronomical Image Processing 
System ( A I P S )  as an image-processing execut ive t o  a i d  t h e  a n a l y s i s  o f  d i g i t a l  
images and has produced t ranspor tab le  vers ions which have been d i s t r i b u t e d  
t o  over  100 i n s t i t u t i o n s  around the  world. I n  s p i t e  o f  t he  data-compression 
techniques employed by  NRAO and the  a v a i l a b i l i t y  o f  supercomputers, t h e  
data-product ion requirements o f  NRAO exceed t h e  in-house computing 
c a p a b i l i t y .  Steps a r e  being taken t o  increase astronomers' access t o  
supercomputers, but ,  a t  present,  some data a re  n o t  analyzed as thoroughly  
as they might  be. 

NSF-funded centers  a l s o  played a key r o l e  i n  the  development o f  t h e  F l e x i b l e  
Image Transport  System (FITS), a standardized format f o r  exchanging d i g i t a l  
images which i s  u n i v e r s a l l y  recognized around t h e  wor ld  and has been adopted 
by t h e  I n t e r n a t i o n a l  Astronomical Union. 
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INFRASTRUCTURE RELEVANT TO THE STUDY 

Considerable support infrastructure relevant to astrophysics mission opera- 
tions and data handling is either already in place or will be in place 
by the time AXAF and SIRTF begin to return scientific data. Here we discuss 
the roles of NSSDC, STScI, TDRSS, and Space Station. 

National %ace Science Data Center 

Following its reception at a ground station, the spacecraft data are first 
processed at a NASA facility to remove data overlaps, to identify dropouts, 
and to convert the data into a form that can be further processed by the 
user. This function is carried out by the NASA Office of Space Tracking 
and Data Systems. Extensive computational facilities have been developed 
at GSFC and JPL to carry out this function for space-science missions. 
In a typical PI mission, the data are processed by GSFC or JPL and sent 
directly to the PI, who then proceeds with individual scientific analysis. 

With the advent of guest-observer programs, such as those associated with 
IUE, HEAO-2, and IRAS, the typical service o f  the GSFC and JPL information- 
processing divisions was extended to encompass project-specific facilities: 
at the Smithsonian Astrophysical Observatory in the case of HEAO-2, at 
the California Institute of Technology in the case of IRAS, and, in the 
case of IUE, within the GSFC Space and Earth Sciences Directorate. Mission 
planning is carried out by the project management office directly at the 
operations control center in the case of many PI-class missions, or in 
one of the extended science operations centers, as is the case with HEAO-2, 
IUE, and IRAS. Similarly, dissemination to the user is carried out by 
the NASA data-processing facility directly, or by one of the extended centers 
for IUE, IRAS, and HEAO-2. After a specified period of time (typically 
6-12 months), the data become accessible to other users. This is typically 
done through NSSDC, although in the cases of IRAS and HEAO-2, the data 
archives are maintained by the mission-unique centers. Guest observers 
may either come to the center, or request specific blocks of data from 
the center and have them mailed to their home institutions. At the 
conclusion o f  his/her time o f  proprietary use o f  the data, the PI is required 
to deposit the data in NSSDC in a form usable by other interested scientists. 
This requirement has not always been fulfilled, both because the PI would 
rather spend limited funding on the prime analysis itself or because NSSDC 
had neither the staff nor the facilities to receive, catalog, and archive 
all the data from Space Sciences and Applications missions. CODMAC 
recognized the existing limitations of NSSDC and recommended that NASA 
restructure it to more closely correspond to more reasonable functions. 

In consonance with ,this recommendation, GSFC undertook, in 1984, a major 
restructuring of NSSDC. A new organization and facilities are in place, 
and plans are being generated to improve NSSDC participation in the total 
process of data generation and handling. NSSDC will endeavor to be an 
active participant in all missions from their inception, providing staff 
members to project data panels and participating in the early development 
of plans for project data management and archiving. NSSDC will also, in 
certain cases, be actively involved in the development of data systems. 
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NSSDC in tends  t o  pursue ag ress i ve l y  database management techniques f o r  
handl ing space-science data and t o  in t roduce s ta te -o f - the -a r t  mass-storage 
technology f o r  a c t i v e  a rch i ve  c a p a b i l i t y .  NSSDC w i l l  increase ou ts ide  
s c i e n t i f i c  community p a r t i c i p a t i o n  by encouraging a c t i v e  space s c i e n t i s t s  
t o  j o i n  NSSDC as d e t a i l e e s  o r  as Resident Research Associates, and they  
w i l l  p rov ide  research f a c i l i t i e s  f o r  v i s i t i n g  s c i e n t i s t s .  

Space Telescope Science I n s t i t u t e  

STScI represents  an o rgan iza t i on  unique among those invo lved i n  t h e  opera t ion  
o f  Ast rophys ics spacecraf t .  STScI, loca ted  on t h e  campus o f  Johns Hopkins 
U n i v e r s i t y  i n  Bal t imore,  i s  operated by t h e  Assoc ia t ion  o f  U n i v e r s i t i e s  
f o r  Research i n  Astronomy (AURA) under c o n t r a c t  t o  NASA. I t  i s  headed 
by  a D i r e c t o r  appointed by AURA and i s  overseen by  an AURA v i s i t i n g  
committee. The I n s t i t u t e  has a s t a f f  o f  s c i e n t i s t s  and data-processing 
personnel, together  w i t h  computing f a c i l i t i e s  t o  c a r r y  o u t  opera t ing  
r e s p o n s i b i l i t i e s .  The AURA con t rac t  f o r  STScI i s  the  r e s p o n s i b i l i t y  o f  
the HST P r o j e c t  a t  GSFC. 

Among i t s  many r e s p o n s i b i l i t i e s ,  t h e  STScI w i l l  manage t h e  HST data d i s t r i b u -  
t i o n  t o  general observers, operate t h e  HST data arch ive,  and suppor t  a r c h i v a l  
research. The STScI w i l l  s o l i c i t  and s e l e c t  proposals f o r  t h e  use o f  HST 
and d i s t r i b u t e  funds f o r  t h e  support  o f  U.S.  observers. General-observer 
proposals  w i l l  be peer-reviewed by t h e  STScI Telescope A l l o c a t i o n  Committee, 
and s e l e c t i o n  w i l l  be made by  t h e  D i r e c t o r .  The STScI s t a f f  w i l l  p l a n  
and schedule t h e  HST science program as de f i ned  b y  peer-review s e l e c t i o n  
and w i l l ,  themselves, conduct s c i e n t i f i c  research sub jec t  t o  t h e  same 
c r i t e r i a .  STScI i s  develop ing t h e  science data ana lys i s  sof tware (SDAS), 
the  Guide S t a r  Se lec t i on  System (GSSS), t h e  c a l i b r a t i o n  database software, 
t h e  proposal  c o n t r o l  processor,  and t h e  o p t i c a l - d i s k  s torage system. They 
a l so  have r e s p o n s i b i l i t y  f o r  t h e  maintenance o f  the  science opera t ions  
ground system (SOGS), and they  a re  cooperat ing w i t h  GSFC i n  t h e  development 
o f  t h e  data a rch ive  and d i s t r i b u t i o n  system (DADS). STScI has t h e  s t a f f  
and f a c i l i t i e s  t o  per form major data-processing tasks  and t o  p rov ide  
user-support  serv ices  requ i red  f o r  a major astronomical  miss ion.  

Track ing and Data Relay S a t e l l i t e  System 

The Track ing and Data Relay S a t e l l i t e  System (TDRSS) prov ides  t h e  pr ime 
data l i n k  t o  the  ground f rom spacecra f t  ope ra t i ng  below geos ta t ionary  o r b i t .  
Consequently, HST, AXAF, SIRTF, and o t h e r  planned Ast rophys ics miss ions 
w i l l  use TDRSS as a t ransmiss ion l i n k  f o r  commands and data r e t u r n .  When 
f u l l y  opera t iona l ,  TDRSS w i l l  c o n s i s t  o f  two spacecra f t  i n  geos ta t ionary  
o r b i t ,  l oca ted  a t  4 1  degrees west l ong i tude  and 171 degrees west long i tude.  
Th is  placement y i e l d s  coverage o f  the  e n t i r e  globe except f o r  a ''zone o f  
exc lus ion"  o f  approx imate ly  20 degrees centered a t  75 degrees eas t  
long i tude.  The TDRSS ground te rmina l  i s  l oca ted  i n  White Sands, New Mexico. 
D a t a  w i l l  be t ransmi t ted  f rom t h e  s c i e n t i f i c  spacecraf t  t o  TDRSS t o  t h e  
ground s t a t i o n ,  and from t h e  ground s t a t i o n  t o  GSFC o r  t o  some o t h e r  user 
l o c a t i o n  f o r  reduct ion.  TDRSS prov ides two c lasses o f  serv ice,  m u l t i p l e  
access and s i n g l e  access, and can support  up t o  20 mul t ip le-access channels 
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simultaneously,  each a t  a maximum data r a t e  o f  50 kb/s f o r  data re tu rn .  
Commanding and forward l i n k  communications i s  done through a s i n g l e  channel 
opera t ing  a t  10 kb/s. M u l t i p l e  access w i l l  operate a t  S-band. S ing le  
access--dedicated access f o r  a s i n g l e  user - - i s  capable o f  p r o v i d i n g  300 
Mb/s data r e t u r n  and up t o  25 Mb/s f o r  commanding and communications t o  
t h e  spacecraf t .  S ing le  access w i l l  be used on a shared p r i o r i t y  bas i s  
and normal ly  w i l l  n o t  be a v a i l a b l e  f o r  dedicated support  o f  any mission. 
Single-access se rv i ce  operates on bo th  S-band and Ku-band. TDRSS i s  a l s o  
capable o f  p r o v i d i n g  standard t r a c k i n g  serv ices  f o r  o r b i t  determinat ion.  
Approval f o r  t h e  use o f  TDRSS and schedul ing o f  serv ices  w i l l  be handled 
by  t h e  NASA O f f i c e  o f  Space Track ing and Data Systems i n  a way s i m i l a r  
t o  t h a t  now used f o r  approving and schedul ing t h e  serv ices  o f  t h e  present  
Spacef l  i g h t  Track ing and Data Network. A major problem associated w i t h  
t h e  use o f  TDRSS i s  t h a t  t imes o f  communication a re  scheduled o n l y  one 
week i n  advance, so t h a t  t imes f o r  coord inated observat ions by  HST, o t h e r  
s a t e l l i t e s ,  and ground-based observa tor ies  w i l l  be const ra ined.  I f  these 
va luab le  observat ions a re  t o  be pursued, NASA and NSF must work toward 
develop ing a more f l e x i b l e  approach f o r  TDRSS/observatory operat ions.  

Space S t a t i o n  

The charge t o  t h e  Study Group requested t h e  Space S t a t i o n  be examined f o r  
i t s  re levance t o  t h e  data opera t ions  o f  f u t u r e  Ast rophys ics missions. 
However, t h e  Space S t a t i o n  data and communications systems a re  s t i l l  
evo lv ing ,  and t h e i r  usefu lness t o  s p e c i f i c  Ast rophys ics miss ions cannot 
y e t  be assessed. The r e p o r t  o f  an As t rophys ica l  Data Requirements f o r  
Experiments on Space S t a t i o n  (ADRESS) working group was made a v a i l a b l e  
t o  t h e  Study Group. I n  general ,  t h e  Study Group endorses t h e  ADRESS 
recommendations t h a t  t h e  Space S t a t i o n  data system be as t ransparent  as 
poss ib le  t o  t h e  user  and t h a t  a s c i e n t i s t  be ab le  t o  operate an experiment 
on t h e  Space S t a t i o n  as i f  i t  were i n  t h e  l a b o r a t o r y  nex t  door. However, 
c a r e f u l  cos t  t r a d e o f f s  and informed dec is ions  must s t i l l  be made. 
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PHASE 111: COMMUNITY RESPONSE 

Phase 111 of the study consisted of a solicitation of views on the Phase 
I1 conclusions and recommendations. Over 270 individuals representing 
the broader Scientific community and NASA management were sent copies of 
the preliminary (30 January 1986) draft report for their comments and 
suggestions. Twenty-nine responses were received, ranging from brief, 
one-paragraph commendations throggh detailed, six-page critiques and 
commentaries. Numerous suggestions for clarification or for editorial 
changes have already been incorporated into the present, final text. Other 
issues raised by the draft-report reviewers are discussed in this section 
under the following headings: 

Two especially thoughtful rep1 

Overview of other responses; 

Participation of the planetary 

Sharing of experiences by miss 

es; 

community; 

on teams; 

Missions other than those examined; 

Basic management principles; 

Data issues and computation; 

Hubble Space Telescope and STScI; and 

AXAF and SIRTF. 

A summary of the Phase I 1 1  findings completes the section. 

TWO ESPECIALLY THOUGHTFUL REPLIES 

Two letters stood out as particularly thoughtful, relevent, and constructive. 
They are worth quoting at length. From a solar physicist: 

"The report is we1 1 written and has several excel lent recommendations. 
Of particular importance are the first two concerning early involvement 
of the science and operations team, and adequate staffing and management 
simplicity with clear lines of authority. The reason for flagging these 
is that these two factors were a key to the success of the solar part of 
the Skylab mission flown in 1973-74. 

''1 suspect that scientific operation of the Skylab solar telescopes (ATM) 
was far more complex than any of the examples given in the report. There 
were six primary scientific instruments, each with mu1 tiple operating modes 
(one with over 100 options) that typically were changed every few minutes. 
In addition, there were two pointing telescopes, one with a film camera. 
During manned intervals (about 12 hr per day) most, sometimes all, of these 
telescopes were operated simultaneously. Several of them were a1 so run 
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by commands from the  ground d u r i n g  unmanned i n t e r v a l s  y i e l d i n g  24 hours 
pe r  day ( d u r i n g  d a y l i g h t  p a r t  o f  o r b i t )  f o r  9 months. Adding t o  the  
opera t i ona l  complex i ty  was the  f a c t  t h a t  c o n d i t i o n s  on the  t a r g e t  (Sun) 
v a r i e d  w i t h  t ime. Thus, observing programs had t o  be developed each day 
by the  s c i e n t i f i c  team and then o f t e n  mod i f i ed  i n  r e a l  t ime i n  response 
t o  s o l a r  events such as f l a r e s .  The HST opera t i on  w i l l  be complex--wi l l  
i t  be more compl icated than Skylab? 

"The Skylab experience i s  r e l e v a n t  because miss ion operat ions f o r  t he  s o l a r  
experiments were h i g h l y  successful .  The reason they were successful  was 
t h a t  from the  very beginning o f  t he  program a small  core group o f  s c i e n t i s t s  
concerned w i t h  s c i e n t i f i c  ope ra t i on  o f  ATM was invo lved  i n  determin ing 
how t h e  miss ion would be run. These s c i e n t i s t s  worked w i th  a NASA operat ions 
team t h a t  had h i g h l y  mot ivated and competent i n d i v i d u a l s  w i t h  c l e a r  l i n e s  
o f  r e s p o n s i b i l i t y  and a u t h o r i t y .  The combined P I  science teams ( i n v o l v i n g  
f i v e  i n s t i t u t i o n s )  and NASA team worked toge the r  ve ry  smoothly--not o n l y  
because o f  t h e  d e d i c a t i o n  o f  t he  i n d i v i d u a l s  invo lved,  b u t  a l s o  because 
o f  t h e  c l e a r l y  de f i ned  r e s p o n s i b i l i t i e s  and l i n e s  o f  a u t h o r i t y .  For example, 
t o  i n t e r f a c e  e f f e c t i v e l y  w i t h  the NASA team d u r i n g  the  miss ion we u t i l i z e d  
an ATM 'czar, '  one i n d i v i d u a l  who the  NASA f l i g h t  team turned t o  f o r  
s c i e n t i f i c  and opera t i ona l  dec i s ions  on what t o  do w i t h  ATM. Th i s  person 
was f o r  ATM science what the  f l i g h t  d i r e c t o r  was f o r  Skylab as a whole, 
t he  person where the  buck stopped. I n  e f f e c t ,  t h e  ATM cza r  was the  
equ iva len t  o f  a P I  on a s i n g l e  experiment, o n l y  i n  t h i s  case t h e  experiment 
was an e n t i r e  observatory,  ATM. ( I n  order  t o  operate 24 hours pe r  day 
over many months, t he  ATM team r o t a t e d  the  cza r  p o s i t i o n  among several  
i n d i v i d u a l s  se lec ted  by t h e  i n d i v i d u a l  inst rument  P I ' S  from t h e  pool o f  
s c i e n t i s t s  i n  the  f i v e  inst rument  groups.) 

"A second reason f o r  t he  success o f  ATM was the  use o f  a problem-or iented 
approach t o  design o f  s c i e n t i f i c  observing programs, the  J o i n t  Observing 
Programs. This  was, I be l ieve ,  t he  f i r s t  major m u l t i s p e c t r a l  
problem-or iented under tak ing i n  space ast rophys ics.  (The o n l y  o t h e r  miss ion 
f l own  thus f a r  t h a t  approaches ATM i n  s c i e n t i f i c  ope ra t i ona l  complex i ty  
most l i k e l y  i s  SMM.) Several years before f l i g h t ,  we found t h a t  t h e  o n l y  
way t o  proceed w i t h  ATM was t o  use a problem-or iented approach. It g r e a t l y  
s i m p l i f i e d  decision-making i n  developing observ ing programs, determin ing 
what fea tu res  t o  observe on a g iven day, and how t o  con f igu re  t h e  inst ruments 
f o r  making observat ions i n  a g iven b lock  o f  t ime." 

Another l e t t e r ,  f rom an X-Ray astronomer, commented as f o l l o w s :  

"I d i d  want t o  s t r e s s  an i ssue  which the  r e p o r t  recognizes, b u t  which I 
f e e l  should be s t ressed even f u r t h e r .  That i s  t h e  degree t o  which data 
reduc t i on  and a n a l y s i s  a re  i n t i m a t e l y  connected w i t h  t h e  s c i e n t i f i c  
a c t i v i t i e s  o f  t he  post- launch phase. I n  a l abo ra to ry ,  an exper imental  
s c i e n t i s t  can c o n t i n u a l l y  improve h i s / h e r  instrument,  t a k i n g  advantage 
o f  what he/she l e a r n s  f rom one measurement t o  enhance t h e  y i e l d  o f  t h e  
nex t  one. Space s c i e n t i s t s  have n o t  had t h a t  l uxu ry ,  a l though the  advent 
o f  rep laceable inst ruments does g i v e  some o p p o r t u n i t y  f o r  upgrading, b u t  
on a f i v e  year  t imescale.  So n e a r l y  a l l  t h e  o p t i m i z i n g  and improving must 
be done on the  ground -- i n  t h e  reduc t i on  and a n a l y s i s  sof tware.  As one 
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understands b e t t e r  t he  o n - o r b i t  operat ion o f  t h e  inst rument  and the  phenomena 
under observat ion ( o f t e n  newly discovered and t h e r e f o r e  unexpected), one 
can improve the  software t o  enhance the  s c i e n t i f i c  y i e l d .  Every ast rophys ics 
miss ion I am aware o f  has b e n e f i t t e d  from t h i s  k i n d  o f  a c t i v i t y ,  and w i t h o u t  
i t  some d i scove r ies  would n o t  have been made. 

''I am convinced t h a t  t h i s  k i n d  o f  a c t i v i t y  i s  bes t  c a r r i e d  o u t  when the  
s c i e n t i s t s  are d i r e c t l y  i nvo l ved  i n ,  and even t o  some degree i n  c o n t r o l  
o f ,  the DRA process. There i s  a d i r e c t  analogy t o  the  phase o f  instrument 
design and development. NASA recognizes t h a t  t h e  bes t  r e s u l t s  a re  obta ined 
when a P I  i s  g iven s u f f i c i e n t  c o n t r o l  so t h a t  he/she can exe rc i se  s c i e n t i f i c  
judgement i n  the  m i r i a d  o f  cost ,  schedule and performance t r a d e o f f s  t h a t  
occur d u r i n g  the  p repara t i on  o f  an instrument.  I submit t h a t  t h i s  i s  no 
l e s s  t r u e  i n  the post- launch phase. O f  course, i n  bo th  cases the re  must 
be s u f f i c i e n t  p r o j e c t  c o n t r o l  by NASA t o  i n s u r e  the  q u a l i t y  and t ime l i ness  
o f  t he  p r o j e c t .  But t h i s  should n o t  extend t o  d e t a i l e d  techn ica l  c o n t r o l .  

"The AXAF p r o j e c t  has been fo rmu la t i ng  plans f o r  a d i s t r i b u t e d  ' S O C '  t h a t  
would embody the  p r i n c i p l e s  I have o u t l i n e d .  I t h i n k  the  r e p o r t  should 
encourage and support  these p r i n c i p l e s  as w e l l  . ' I  

OVERVIEW OF OTHER RESPONSES 

O f  t he  remaining 27 responses, e ighteen ( two from study-team members) 
g e n e r a l l y  p ra i sed  the  s tudy and i t s  recommendations; n i n e  ( t h r e e  from 
study-team members) were n e u t r a l ,  non-commi t t a l  , o r  o f f e r e d  e d i t o r i a l  
suggestions only ;  and two were s k e p t i c a l  o r  c r i t i c a l .  Here i s  a sampling: 

- " I n  general ,  I found t h a t  i t  c o r r e c t l y  p i n p o i n t s  many o f  t h e  issues 
t h a t  are r e l e v a n t  t o  f u t u r e  missions i n  the  e ra  o f  t h e  Great 
Observator ies.  . . 'I 

- "I f i n d  mysel f  i n  general agreement w i t h  t h e  conclusions and recommenda- 
t i o n s .  . . On the  whole, a ve ry  good job .  . . ' I  

- " I  have read the  d r a f t  r e p o r t  on Ast rophys ics Data Operations, and I 
wish t o  commend you and the  members o f  t he  Study Group on the  excel -  
l e n t  work which you have done i n  generat ing t h i s  r e p o r t .  I s t r o n g l y  
concur w i t h  the  general conclusions and major recommendations and look  
forward t o  working w i t h  NASA t o  implement them on AXAF. . . ' I  

- ' I .  . .I am happy t o  see t h a t  t he  general issues o f  i n t e g r a t i n g  long- 
term observat ions i n t o  e a r l y  miss ion p lann ing  a re  being s tud ied.  
I t  i n d i c a t e s  t h a t  NASA i s  r e a l i z i n g  t h a t  t h e r e ' s  more t o  our  e f f o r t s  
than j u s t  ' g e t t i n g  the  b i r d  o f f  t he  pad' .  . . ' I  

- "General ly i t  i s  an e x c e l l e n t  r e p o r t  t h a t  should be w i d e l y  read. 
Hope fu l l y  i t  w i l l  d i s p e l  a l l  f ea rs  o f  h i g h  opera t i ona l  cos ts  f o r  
f u t u r e  ast rophys ics missions. . . ' I  

- "It i s  p r e t t y  impress ive-- in  general,  your group seems t o  have go t ten  
a l o t  o f  t he  bas ic  problems down on paper. 
ideas i n s e r t  themselves i n t o  the f u t u r e  f l i g h t  p r o j e c t s !  . . .'I 

It would be g r e a t  i f  these 
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- "My general op in ion,  a f t e r  read ing  t h e  Dra f t  Report, i s  t h a t  t h e  
group d i d  an e x c e l l e n t  j o b  i n  ga ther ing  and assessing i n fo rma t ion  
f rom a very  wide spectrum o f  sources, and they  synthesized same 
i n t o  a c lea r ,  t hough t fu l ,  and o b j e c t i v e  repo r t :  
accomplishment!. . .I' 

q u i t e  an 

- "The sub jec t  r e p o r t  on Ast rophys ics Data Operat ions looks  t o  us l i k e  
a good product.  JPL's experiences i n  working w i t h  t h e  Astrophysics,  
Oceans, and P lanetary  communities du r ing  IRAS and SEASAT, and i n  t h e  
fo rmat ion  o f  IPAC and t h e  Oceans and P lanetary  p i l o t  data systems 
cor robora te  t h e  p r i n c i p a l  f i n d i n g s  i n  t h e  repo r t .  . .I' 

- ''1 have read i t  from cover t o  cover and b e l i e v e  i t  i s  an e x c e l l e n t  
repo r t .  Over t h e  years I have seen o the r  e x c e l l e n t  repo r t s .  
o f  these have a f f e c t e d  p o l i c y  b u t  o thers  have never been implemented. 
I hope you w i l l  be ab le  t o  f o l l o w  t h e  gu ide l i nes  s e t  down i n  t h i s  
r e p o r t .  . .I' 

Some 

Two 
o f  
d 

responses stood i n  sharp c o n t r a s t  t o  t h e  g e n e r a l l y  favorab le  d r i f t  
t he  o thers .  Ne i the r  w r i t e r  had been invo lved  i n  any o f  t h e  s tudy 

iscuss ions,  b u t  bo th  s t a t e d  views t h a t  have been expressed over  t h e  years 
by  some NASA managers and by a number o f  non-NASA s c i e n t i s t s .  These comments 
a re  prov ided here f o r  completeness and t o  i l l u s t r a t e  t h a t  op in ions  c o n t r a r y  
t o  those expressed i n  t h i s  r e p o r t  cont inue t o  be held:  

- 'I. . .the asse r t i on  t h a t  i t  i s  the  s c i e n t i s t s  who a re  i n  t h e  p o s i t i o n  
o f  ensur ing t h a t  'optimum c o s t  t r a d e o f f s '  a re  made i s  p a t e n t l y  absurd. 
The users would l i k e  the  l a s t  one percent  of performance o u t  o f  
systems--the one percent  t h a t  amounts t o  f i f t y  percent  o f  t h e  cost . "  

La te r  i n  the  same l e t t e r :  

''I have read many r e p o r t s  l i k e  t h i s  one s ince  coming t o  NASA, and they  
a l l  have one common c h a r a c t e r i s t i c :  
most decisions should be dr iven  by those people who have the l e a s t  
r e s p o n s i b i l i t y  f o r  them. NASA r e c r u i t s ,  t r a i n s ,  h i r e s  and assigns 
t h e  bes t  people they  can f i n d  t o  manage programs, p r o j e c t s ,  and 
experiments--people who a re  then t o l d  i m p l i c i t l y  b u t  repeated ly  i n  
r e p o r t s  l i k e  t h i s  one t h a t  they  are  t h e  l e a s t  q u a l i f i e d  t o  make t h e  
r i g h t  t r a d e o f f s  and dec is ions .  
pa id  by anyone t o  a r e p o r t  compiled, authored, and e d i t e d  by NASA 
managers and engineers on how w e l l  t h e  community o f  s c i e n t i s t s  per-  
form t h e i r  r o l e s  i n  t h e  implementat ion o f  f l i g h t  programs?. . ." 

advocacy o f  t h e  p r i n c i p l e  t h a t  

I wonder how much a t t e n t i o n  would be 

From another l e t t e r :  

- "Most, perhaps a l l ,  of t h e  conclus ions and recommendations o f  t h e  r e p o r t  
seem unexcept ionable.  
choices o f  t h e  i n s t i t u t i o n a l  s e t t i n g s  f o r  AXAF and SIRTF i s  e s p e c i a l l y  
wise. 
r e a l  expense. . .I' 

The s t rong  emphasis o f  t h e  importance o f  e a r l y  

But e a r l y  wrong choices cou ld  c o s t  a l o t  i n  performance and 
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La te r  i n  the  same l e t t e r :  

"NASA centers  a re  s t r u c t u r a l l y  incapable o f  e f f i c i e n t  development and 
maintenance o f  s c i e n t i f i c  sof tware systems o f  t he  complex i ty  requ i red  
f o r  AXAF and SIRTF. I t h e r e f o r e  t h i n k  t h a t  t he  Horn ig recomnendation 
5, t h a t  t he  i n s t i t u t i o n a l  arrangements be managed independent ly o f  
and under c o n t r a c t  t o  NASA, should be s t r i c t l y  fo l lowed f o r  AXAF and 
SIRTF, even though the  sca le  or' t he  i n s t i t u t i o n a l  arrangements needed 
f o r  these f u t u r e  miss ions i s  c e r t a i n l y  much smal le r  than t h a t  requ i red  
f o r  HST. . . I detec t  i n  the  repo r t .  . . an e f f o r t  t o  weaken the  
c e n t r a l  t h r u s t  o f  t he  Horn ig recommendations. I hope t h a t  i s  n o t  your  
i n t e n t i o n .  . . ' I  

PARTICIPATION OF THE PLANETARY COMMUNITY 

The s tudy had e x p l i c i t l y  inc luded d iscuss ion  o f  JPL's exper ience i n  examining 
the  management and cos ts  o f  p lane ta ry  missions. However, two rev iewers 
f e l t  t h i s  was n o t  enough: 

- 'I. . . the  management o f  Code EZ (Ast rophys ics D i v i s i o n )  has made a major 
e r r o r  i n  n o t  i n v o l v i n g  the  ' r e a l '  astronomical community i n  t h i s  work-- 
t he  ' r e a l  ' ast ronomical  community inc ludes  a s u b s t a n t i a l  f r a c t i o n  o f  
p lane ta ry  astronomers, and the  spec ia l  knowledge and exper ience of 
these people has apparent ly  been ignored. . . For example, t h e r e  i s  
n o t  a. . . p r a c t i c i n g  So lar  System astronomer i n  t h e  s tudy group. . . . Thus t h e  exper ience generated by these people i n  successful pro-  
grams on OAO's, IUE, IRAS and HST p lann ing  has n o t  been considered. 
How t h i s  happens, when i t  i s  w e l l  known t h a t  many o f  t he  most i n t e r e s t -  
i n g  and e x c i t i n g  d i scove r ies  made by some o f  these miss ions a re  i n  
t h e  So lar  System f i e l d  o f  i n t e r e s t - - I  f r a n k l y  d o n ' t  understand. . . ' I  

- "It was s u r p r i s i n g  t o  see no re fe rence t o  p l a n e t a r y  miss ion  management 
T h e i r  p r o j e c t s  have always been ve ry  l a rge ,  and i t  would experience. 

seem approp r ia te  t o  rev iew t h e i r  exper ience be fore  proceeding w i t h  
another very  l a r g e  Ast rophys ics mission. . . ' I  

SHARING OF EXPERIENCES BY MISSION TEAMS 

One rev iewer  wrote as fo l l ows :  

- "Each m iss ion ' s  p lanners assume they  must re - i nven t  t h e  wheel, so your  
conclus ion t h a t  management exper ience can be shared i s  a very  impor tan t  
one, and i t  should be incorpora ted  i n t o  NASA's procedures somehow. 
Now i f  we can o n l y  b e l i e v e  someone from a d i s c i p l i n e  o t h e r  than our  
own!. . .I' 
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Another reviewer wished t o  q u a l i f y  t h e  r e p o r t ' s  observat ion t h a t  d i f f e r e n t  
miss ion groups are  o f t e n  unaware o f  one another 's  experience: 

- ''I would agree i n  general ,  b u t  no te  t h a t  t h i s  does n o t  h o l d  f o r  t h e  
p lane ta ry  missions. . . . I f i n d  a remarkable awareness o f  lessons learned i n  t h e  pas t  
from prev ious JPL p ro jec ts .  There i s  an almost amazing f a m i l i a r i t y  
o f  'new p r o j e c t '  people w i t h  the  pas t  problems o f  ' o l d  p r o j e c t '  people . . . And so, I would suggest t he  n o t i o n  and value o f  'program 
c o n t i n u i t y '  t o  the  r o l e  o f  NASA f i e l d  centers .  . .'I 

I n  my experience on two p lane ta ry  rev iew boards 

MISSIONS OTHER THAN THOSE EXAMINED 

A number o f  reviewers commented on missions n o t  s p e c i f i c a l l y  ta rge ted  f o r  
d iscuss ion i n  the  repo r t :  

- "Though I suppose t h e  Comnittee was s p e c i f i c a l l y  d i r e c t e d  t o  concentrate 
upon AXAF and SIRTF, I wondered why no a t t e n t i o n  i s  p a i d  here t o  the  
planned opera t ion  o f  GRO. A f t e r  a l l ,  GRO comes be fore  SIRTF and AXAF. 
It i s  f e l t  t h a t  GRO i s  such a d i s t i n c t  c lass  o f  experiment t h a t  our 
pas t  experience does n o t  r e l a t e  t o  i t  i n  the  same fash ion  t h a t  i t  does 
t o  these two miss ions? O r  have a l l  t he  p lans a l ready  been made? 
Perhaps i t ' s  e n t i r e l y  a separate issue. . . But i t s  absence from a 
document such as t h i s  i s  cur ious.  . ." 

- "Did the  committee consider  how SMM was managed? Remember, f rom the  
s t a r t ,  t he  assignment t o  Goddard [Space F l i g h t  Center] o f  70 s c i e n t i s t s  
from e i g h t  i n s t i t u t i o n s  was tou ted  as a g rea t  t h i n g  f o r  ana lys i s  o f  
m u l t i s p e c t r a l  data. From my own experience there,  I can say t h a t  t h a t  
aspect o f  t he  program went w e l l .  . .'I 

"AS I read t h e  r e p o r t  I was impressed again by one c e n t r a l  po in t ,  t h e  
commonality o f  t h e  data management concerns o f  t h e  var ious  science 
d i s c i p l i n e s  which use space-derived data. Many o f  the  concerns o f  
t he  astronomers are  i d e n t i c a l  t o  those i n  t h e  two d i s c i p l i n e s  w i t h  
which I ' m  most f a m i l i a r ,  s o l a r - t e r r e s t r i a l  phys ics and p l a n e t a r y  physics.  
I n  implementing a data p lan  f o r  f u t u r e  astronomy missions, I t h i n k  
i t  i s  impor tant  t o  b u i l d  on recent  experiences i n  the  o the r  space-science 
d i s c i p l i n e s ,  n o t  j u s t  prev ious astronomy missions. I n  p a r t i c u l a r ,  
I t h i n k  t h a t  recent  work by t h e  NASA data p i l o t s  may be very  app l i cab le ,  
e s p e c i a l l y  t h e  work on imaging data f rom the  P lanetary  Data 
System. . ." 

BASIC MANAGEMENT PRINCIPLES 

A l l  reviewers who addressed t h i s  t o p i c  agreed w i t h  the  r e p o r t ' s  recommen- 
d a t i o n  f o r  management s i m p l i c i t y :  

- "I concur w i t h  the  emphasis on s i m p l i c i t y  o f  management scheme. . . 
I f e e l  t h a t  cons iderable e f f o r t  and money was wasted by t h e  dec i s ion  
t o  s p l i t  HST between Goddard and Marshal l .  I f  t h i s  must be done again 
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i n  AXAF o r  SIRTF, a t  l e a s t  appo in t  a s i n g l e  person w i t h  absolute 
a u t h o r i t y  t o  o v e r r i d e  a l l  o the r  elements o f  t he  p r o j e c t ,  wherever 
located.  . . I '  

- 'I. . . I am n o t  i n  a p o s i t i o n  t o  comment on much o f  t he  ana lys i s  i n  
However, I am t h e  r e p o r t  o r  many o f  t h e  d e t a i l e d  recommendations. 

impressed by the  care and thought fu lness w i t h  which the  problem has 
been addressed. I concur most s t r o n g l y  w i t h  t h e  emphasis on manage- 
ment s i m p l i c i t y  and t h e  ea r l y ' es tab l i shmen t  o f  w e l l  de f ined dec is ion  
making s t ruc tu res .  I a l s o  concur w i t h  t h e  recommendation f o r  e a r l y  
involvement o f  ope ra t i ona l  and s c i e n t i f i c  personnel i n  the  d e f i n i t i o n ,  
development, and implementat ion o f  each mission. . .'I 

"TO improve t h e  repo r t ,  you might  cons ider  how t h e  conclus ions can be 
sharpened. 
cou ld  you s p e l l  o u t  t h e  ones t h e  committee had i n  mind? How do you 
view st reaml ined P I  s t r u c t u r e s  vs. committee management, which some- 
t imes occurs w i t h  'sc ience working groups?'  Your p o i n t  t h a t  l a t e  
p lann ing  and d i s t r i b u t e d  management r e s p o n s i b i l i t i e s  d r i v e  up cos ts  
i s  very  impor tant ,  b u t  do you i n t e n d  t o  say t h a t  a l a r g e  s t a f f  should 
be h i r e d  by  t h e  P I  o f  t h e  p r o j e c t  as soon as t h e  program gets  t h e  
go-ahead?. . . ' I  

- 
Regarding t h e  ' a p p l i c a t i o n  o f  bas ic  management p r i n c i p l e s , '  

DATA ISSUES AND COMPUTATION 

Two rev iewers commented on data a rch i v ing :  

- "I found t h e  r e p o r t  vague on t h e  r o l e  o f  NSSDC and on i t s  r e l a t i o n  t o  
a rch i ve  centers .  W i l l  i t  mere ly  p rov ide  a ' te lephone d i r e c t o r y ? '  
Also, remote computer access, which w i l l  be here soon, seems t o  present  
p o t e n t i a l  problems which t h e  r e p o r t  l a r g e l y  ignores.  For example, 
once data i n  t h e  arch ives  i s  f o r  a miss ion  which i s  no l onger  a c t i v e ,  
where does t h e  suppor t  f o r  i t s  d i s t r i b u t i o n  come from? How i s  i t s  
use "bookkept?. . ." 

- ''1 t h i n k  t h a t  data a r c h i v i n g  i s  a task  which, l i k e  t h e  o v e r a l l  science 
operat ions,  should be d i r e c t e d  by  s c i e n t i s t s  whose personal  success 
depends on adequately a rch ived data. . . Perhaps those who have had 
exper ience i n  r e t r o s p e c t i v e  s tud ies  would be candidates t o  manage t h i s  
task.  . .'I 

Other comments: 

- "Twice i n  t h e  repor t ,  t h e  need f o r  supercomputing was noted i n  passing. 
I t h i n k  i t  i s  impor tan t  t o  emphasize t h a t  supercomputing i s  no longer  
necessary o n l y  f o r  la rge-sca le  t h e o r e t i c a l  problems (i .e., numerical  
s imu la t ions)  b u t  a l s o  i s  i n c r e a s i n g l y  requ i red  f o r  ana lys i s  o f  data. 
The data process ing needs o f  several new miss ions i n  p lane ta ry  s tud ies  
as w e l l  as astronomy w i l l  r e q u i r e  supercomputing. My impression i s  
t h a t  t he re  are  no p o l i c i e s  i n  most science d i s c i p l i n e s  making super- 
computers a v a i l a b l e  t o  users who need them. . ." 
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"I think the only charge that was not well addressed was the section 
on Multispectral Observations. As the report says, this is a very 
complicated problem. 
will help, but much more is needed. Since a 'solution' to the problem 
is not recommended, perhaps additional steps toward solving the problem 
could be recommended. 
these investigations and initiating a problem-solving dialog with 
them. . .I' 

Certainly the use of standardized data formats 

At least one could make an attempt at identifying 

HUBBLE SPACE TELESCOPE AND STScI 

Numbers of reviewers took the opportunity to reflect upon the cost of HST 
and the establishment of STScI, topics which have a long history and a 
tradition of strongly held views. One can offer only a sample of these 
comments here: 

"Although the report is correct in stating that the complexity of HST 
makes it quite different from other Astrophysics missions, I believe 
that the project does offer some lessons. 
correct in emphasizing complex management as contributing to cost. 
Unfortunately, Astrophysics missions will continue to be plagued by 
the complications of the involvement of two or more centers, several 
PI's, and several other contractors. Each of these segments feels 
that it must do its job without 'interference.' In the case of the 
HST, the bad situation was exacerbated by the heated competition for 
STScI. . . (2) The PI's rebelled at providing data-handling software 
in a form which STScI could incorporate into its SDAS. 
future missions, this requirement should be announced in the AO. At 
the least, it should be included in the initial contract. (3) The 
development of SDAS was delayed and complicated by a 'scientific' 
rather than an 'operations' approach. . . (4) STScI chose to base 
their SDAS software on a transportable software system which was great 
in concept but not ready. 
sound, but the use of AIPS would have been less expensive. 

(1) The report is certainly 

Perhaps for 

The use of IRAF will probably prove to be . .I' 

The letter continues with these observations: 

"A problem that is not unique to HST, which makes it difficult to create 
smoothly working teams, is the strong caste system in the scientific 
community: 
quasi-university organizations (such as SAO); second class--Civil Servants; 
third class--support service contractors. 
its emphasis on good scientists remaining scientists, does not give 
research time to the CSC scientists who support their operations, 
even though some of these are well recognized, publishing 
astronomers. . .'I 

first class--astronomers and physicists at university and 

As an example, STScI, with 
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Other reviewers commented as follows: 

"The only significant comment I would make concerns your stress on the 
technical complexities of HST. In particular, the report attributes 
cost differences between HST and HEAO-2, IUE, or IRAS primarily to 
larger numbers of management interfaces, more complex operations modes, 
and more intricate scheduling procedures. 
few of the HST science requirements that intrinsically demand partic- 
ularly complex operating modes or scheduling constraints. 
it was the lack of attention to operability and the lack of 'user system 
engineering' across the complicated interfaces, especially early in 
the program, that contributed to the development of very complex 
systems. . ." 

There are, in fact, relatively 

Rather, 

'I. . . Like most of the preceding long-lived missions identified earlier 
in the report, HST did have an organization which represented its users 
in place at an early point in the development program. 
was the Science Working Group. . . In the cases of the other past astro- 
physics missions, similar SWG's played major roles in project scientific 
and cost tradeoff decisions. For some reason, this did not happen 
on HST. . . Several contributing factors seem likely. First, the 
fact that the HST Principal Investigators and science teams were supported 
by GSFC, and the HST Project Scientist and HST Observatory Development 
were supported by MSFC, may have made effective Project/SWG interactions 
more difficult. . . Second, the scientific discipline from which the 
HST PI's and their teams were drawn was not one which had traditionally 
worked in space or with NASA. They were, thus, probably unfamiliar 
both with the types of tradeoff decisions which are made during the 
formative stages of such a program and with the mechanisms employed 
by NASA to reach such decisions. 
was planned, and was to have specific responsibility for looking after 
the interests of the user community, may have made the PI's less diligent 
about assuming this time-consuming role themselves. . .I' 

This organization 

Finally, the fact that an institute 

- "[I hope] that you will enlist the aid of the community outside NASA 
to exploit the new computer technologies and network concepts to gain 
the full advantages of independent institutional arrangements demon- 
strated by STScI at substantially lower cost. . ." 

- 'I. . . What we should have bought [to manage HST] was a service company 
that was willing to implement software and operations tasks as a member 
of a cooperative, dedicated team, performing in a responsive and supporting 
role to the science/academic/research community. In fact, that is 
precisely how the IUE and IRAS programs proceeded, and I submit is 
a reason for the success of those programs that was recognized by your 
Study Group in labeling them as 'outstanding successes.' Another reason 
for the success of those programs is, I must state, the success of 
the hardware and software systems developers who, working as a team, 
provided a product that more than fulfilled requirements and expecta- 
tions; that IUE, for example, could be reduced to a routine, highly 
productive research operations tool, was the result of the plans, designs, 
and methods invented by its founding fathers. . . I '  

40 



AXAF AND SIRTF 

Various rev iewers o f f e r e d  perspec t ives  on AXAF and SIRTF i n  t h e  l i g h t  o f  
t he  r e p o r t ' s  conc lus ions and recommendations. Some o f  these have been 
incorpora ted  i n t o  preceding sect ions.  

Other comments : 

- ". . . I was p a r t i c u l a r l y  g lad  t o  see AXAF compared t o  HEAO-2 and con- 
t r a s t e d  w i t h  HST, because I f e e l  t h i s  i s  an impor tan t  p o i n t  t o  empha- 
s i z e  w i t h i n  NASA and throughout t h e  astronomical  community. . .'I 

- ". . . I hope t h a t  t h e  [ r e p o r t ' s ]  conc lus ions w i l l  be heeded by  NASA 
i n  implementing t h e  AXAF and SIRTF missions. . .I' 

- "AS you say, AXAF and SIRTF should n o t  be compared i n  c o s t  d i r e c t l y  
w i t h  HST, s ince t h i s  can be mis leading.  
complex i ty  should be more l i k e  an upgraded I R A S  r a t h e r  than l i k e  HST, 
al though the  k i n d  and q u a n t i t y  o f  raw data SIRTF produces may be s i m i l a r  
t o  HST. But t h e  SIRTF MO&DA program should be l e s s  complex than HST, 
because SIRTF w i l l  c a r r y  o u t  l onger  observ ing programs f o r  a smal le r  
user  community (SIRTF w i l l  p robably  rece ive  hundreds, r a t h e r  than 
thousands, o f  guest-observer proposals  du r ing  each cyc le ) .  . . 'I 

SIRTF hardware c o s t  and 

- "While I agree t h a t  HST i s  more complex than AXAF and SIRTF, I have 
the  impression t h a t  you have underestimated t h e  complex i ty  o f  t he  
inst ruments on t h e  l a t t e r  two missions. 
SIRTF ins t rument  i s  est imated t o  c o s t  about as much as one o f  
HST's. . .I' 

I w i l l  p o i n t  o u t  t h a t  each 

- "[The] argument f o r  t h e  asse r t i on  t h a t  AXAF and SIRTF w i l l  be cheaper 
than HST hangs i t s  h a t  on the  techno log ica l  issues invo lved,  i .e.,  
t h a t  t he  two miss ions are  t e c h n o l o g i c a l l y  s imp ler  and t h e r e f o r e  l e s s  
r i s k y .  
t h a t  management issues, and n o t  techno log ica l  ones, d r i v e  miss ion  
success. . .I' 

This  appears t o  c o n f l i c t  w i t h  the  r e p o r t ' s  p r imary  conc lus ion  

- ". . . You p o i n t  o u t  t h a t  a v a r i e t y  of- i n s t i t u t i o n a l  s e t t i n g s  can p rov ide  
t h e  ' core  s c i e n t i f i c  exper t i se . '  Th i s  i s  t rue ,  b u t  t he re  i s  a danger 
t h a t  t h i s  statement can become misconstrued t h a t  any one i n s t i t u t i o n a l  
s e t t i n g  i s  as good as another, so t h a t  c e n t r a l i z a t i o n  i s  OK. 
t h e r e  i s  s t rength .  
anywhere e lse .  
w i l l  be t r i e d  and a bes t  approach e v e n t u a l l y  w i l l  be found t h a t  o the rs  
emulate ( w i l l i n g l y ) .  . .'I 

In d i v e r s i t y  
You c a n ' t  p u t  a l l  data centers  a t  SA0 o r  GSFC o r  

You have t o  spread these around so t h a t  d i f f e r e n t  approaches 
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SUMMARY (F. Mar t i n )  

The D i r e c t o r  o f  t he  Ast rophys ics D iv i s ion ,  NASA Headquarters, requested 
a s tudy of operat ions and data handl ing f o r  t he  era o f  t h e  Great Observa- 
t o r i e s ,  w i t h  emphasis on AXAF and SIRTF. It was f u r t h e r  requested t h a t  
t h e  general s c i e n t i f i c  community be invo lved i n  the  study. The Study Group 
hopes t h a t  t he  approach and r e s u l t s  o f  Phase I, I 1  and 111, as presented 
i n  t h i s  repo r t ,  have s a t i s f i e d  t h i s  request.  

The recommendations contained i n  Phase I 1  speak f o r  themselves, and the  
comments received as p a r t  o f  Phase I11 were genera l l y  suppor t ive o f  these 
recommendations. Those t h a t  were not ,  o r  t h a t  r a i s e d  s p e c i f i c  issues o r  
quest ions,  r e f l e c t e d  a deep concern and b e l i e f  t h a t  t he  p o i n t s  ra i sed  were 
impor tant ,  and t h a t  c o n t r a r y  views should n o t  be ignored. While these 
comments are n o t  a l l  d i r e c t l y  support ive,  they do prov ide  va luable i n s i g h t ,  
advice, and, i n  many cases, caut ions.  

Several p o i n t s  t h a t  emerged du r ing  the  study deserve f u r t h e r  comment: 

For the  most p a r t ,  t he  recommendations o f  the  r e p o r t  (which d i d  i n v o l v e  
p a r t i c i p a t i o n  from the  P lanetary  program and JPL) are independant o f  t he  
many astronomy d i s c i p l i n e s .  GRO w i l l  no t  be use fu l  f o r  p lane ta ry  
observat ions.  AXAF w i l l  have l i m i t e d  u t i l i t y  f o r  p lane ta ry  s tud ies  (e.g., 
X-ray s tud ies  o f  J u p i t e r  were conducted w i t h  HEAO-2). The SIRTF p r o j e c t  
i s  a c t i v e l y  p lann ing  So lar  System studies,  and the  h i g h l y  p u b l i c i z e d  and 
discussed issues o f  p lane ta ry  observat ions w i t h  HST are  being resolved. 
As was po in ted  o u t  i n  the  comments contained i n  Phase 111, p lane ta ry  
astronomers have made e x c e l l e n t  use o f  pas t  Astrophysics miss ions such 
as OAO, IUE and IRAS. The b e n e f i t  o f  pas t  Ast rophys ics missions t o  p lane ta ry  
research i s  c lea r ,  as i s  t he  b e n e f i t  o f  p lane ta ry  miss ions t o  ast rophys ics,  
w i t h  the  f u t u r e  va lue o f  HST and SIRTF obvious t o  a l l .  However, i f  t h i s  
i s  t o  occur i n  a c o l l e g i a l  environment, renewed e f f o r t s  must be made a t  
NASA Headquarters t o  ensure t h a t  a l l  requirements a re  taken i n t o  
cons idera t ion  e a r l y  i n  t h e  program. The D i r e c t o r s  o f  Ast rophys ics and 
So lar  System Exp lo ra t i on  should determine t h e  bes t  approach f o r  r e s o l v i n g  
such c o n f l i c t s  and e s t a b l i s h  channels o f  communication t h a t  w i l l  he lp  avo id  
unnecessary ones i n  t h e  f u t u r e .  

Even though GRO i s  an impor tant  s c i e n t i f i c  element i n  the  Great 
Observatory program, t h e  l i m i t e d  number o f  Y - r a y  photons, t he  w i d e - f i e l d  
na ture  o f  X-ray inst rumentat ion,  and the  associated l ong  observing t imes 
(weeks per  source) make GRO a r e l a t i v e l y  s t r a i g h t f o r w a r d  miss ion from an 
operat ions and data-handl ing s tandpoint .  Consequently, GRO was n o t  g iven 
the  same a t t e n t i o n  i n  t h i s  s tudy as o the r  e f f o r t s ,  s ince  the  lessons learned 
were r e l a t i v e l y  l i m i t e d  i n  t h e i r  a p p l i c a t i o n  t o  AXAF and SIRTF. 

Despi te the  p o s i t i v e  experiences c i t e d  i n  t h e  repo r t ,  t he re  are  s t i l l  
d ivergent  views (p ro  and con) w i t h i n  t h e  research community r e l a t i v e  t o  
the  r o l e  o f  NASA centers  and NASA s c i e n t i s t s  i n  the  opera t ion  o f  Astrophysics 
missions. The process used t o  s e l e c t  t he  i n s t i t u t i o n a l  s e t t i n g s  f o r  AXAF 
and SIRTF should ensure t h a t  these views, along w i t h  those o f  NASA s c i e n t i s t s  
and Center management, are taken i n t o  cons idera t ion .  
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Communication and sharing of experience across Astrophysic projects 
is not always easy; there are four widely separated NASA centers involved, 
whereas most of the planetary flight projects are managed at JPL. Given 
the magnitude of the Astrophysics programs and the current stage of 
definition and development of various projects, consol idation may be 
difficult at best. Consequently, it is most important that every effort 
be made to ensure that the Astrophysics project teams develop a mechanism 
for sharing lessons learned. 

Hardly any topic can stimulate as much heated discussion within NASA 
and the astronomical community as the management of HST, the role of STScI 
and what is and is not cost effective. It is clear that HST is unique 
among NASA projects and, in hindsight, many things might have been done 
differently. Obtaining agreement as to "what and why" may never be possible. 
In spite of different views, it is anticipated that HST will be an 
outstanding success. However, how we got there will in all likelihood 
be shrouded in the mythology that often characterizes major efforts. 

As for basic management principles--"keep it simple"--the projects 
are complex enough without introducing unnecessary and untimely management 
interfaces. In addition, the importance of good data-handling practices 
is clear. The CODMAC recommendations provide an excellent road map for 
the future. Opportunities for AXAF and SIRTF lie ahead. Prompt attention 
should result in a program that is rewarding to both NASA and the scientific 
community. We hope that the present report will serve this end. 
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APPENDIX D 

LIST OF ACRONYMS AND ABBREVIATIONS 
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AE : 
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ARC : 
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- D2 - 
R&D : 
SA0 : 
SDAS : 
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SOT : 
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Tracking and Data Relay Satellite System 
Upper Atmosphere Research Satellite 
Very Large Array 

48 


